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STRESSES 
HELICALLY CONCRETE, COLUMNS* 


The object this paper analyze the effect helical reinforcement 
the concrete core reinforced concrete column, and develop 
formulas for the stresses which obtain the steel and concrete with varying 
percentages reinforcement. 

the available tests helically reinforced are com- 
paratively limited number and have been made under such widely different 


conditions (as regards values quality materials, age concrete, etc.) 


render their co-ordination extremely claim made for the 
absolute the empirical constants hereinafter given. This paper 
more with the idea indicating the lines along which further 
research would highly beneficial than the final word the subject. 
result careful study the available data, the writers believe, however, 
that the method analysis proposed substantially correct and that the fol- 
lowing conclusions are justified: 


(1) Plain concrete columns, lengths least fail shear 


rather than compression. 

(2) Before plain concrete can fail shear, the imposed load must 
sufficient overcome the shearing resistance the concrete and the fric- 
tional resistance the material incipient motion along the plane 
rupture. 

The frictional resistance the material more important 
than commonly assumed. 

(4) Helical reinforcement effective resisting shearing failure 
shearing failure the concrete. 


discussion this paper will closed with the April, 1926,. Pro- 
ceedings. When finally closed, the paper, with discussion full, will published 
Transactions. 

The word, helical, the commonly employed term, spiral, because 
spiral lies one plane only and is, therefore, not the proper word use describing the 
system reinforcement which will discussed this paper. 

Engr. Chg. Design, Cleveland Metropolitan Park Board, Cleveland, Ohio. 
Asst. The Grasselli Chemical Co., Cleveland, Ohio. 
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HELICALLY REINFORCED CONCRETE COLUMNS 


(5) Helical reinforcement has little effect preventing crushing the 
concrete core the column. 
(6) Three types failure may observed helically reinforced concrete 
columns, tested destruction, the type failure depending the amount 
helical 
a.—When only small amount reinforcement used (up about 
1%) failure the column due the shearing resistance the 
concrete and the frictional resistance the material, incipient 
motion along the impending plane rupture, being exceeded. 

b.—With larger percentages reinforcement (from about about 
1.6%) failure the column longer due shear, but 
crushing the concrete. 

reinforcement excess about 1.6% the column -will not 
fail, even after the concrete has crushed, until the reinforce- 
ment stressed considerably beyond its elastic limit and possibly, 
some cases, almost its ultimate strength. 


(7) Even the concrete shell outside the reinforcement, helically 
reinforced column, cracks and spalls off under load only little greater than 
necessary cause failure unreinforced column, the same dimen- 
sions and quality concrete, the reinforcement tends neutralize the effects 
local imperfections the concrete, thus increasing the reliability the 
column. Furthermore, unlike the plain concrete column which usually fails 
suddenly, warning impending failure given the reinforced column 
the cracking and spalling the outer shell permissible, 
therefore, allow lower safety and correspondingly increased 
working stresses helically reinforced columns. 

analysis the stresses in-the steel and concrete helically 
reinforced concrete column possible, contrary the opinion many engi- 
neers, and the resulting equations are very simple. 

(9) There need further research work helically reinforced concrete 
columns order evaluate more accurately the constants the rational 
formulas. 


Although this paper primarily concerned with the analysis helically 
reinforced concrete columns, analysis plain concrete columns essential 
consider, first, the unreinforced column with the ascertaining the 
relations existing therein, between stress and imposed load, 
determine wherein these relations are modified the introduction rein- 
forcement. 


Authorities seem agreed that, for values about 80, concrete 


columns may assumed act short struts which the effect 


flexure need not considered. Furthermore, columns having ratio 
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excess are seldom used practice. will assumed, therefore, the 
following discussion, that the columns are sufficiently short preclude the 
necessity considering lateral flexure. 


Any theoretical analysis concrete columns value only the extent 
that explains the phenomena observed tests, and essential the 
development rational theory that the manner which the column actually 
fails under load determined. Upon this point there reported disagree- 
ment tests, and has been commonly accepted that plain concrete columns 
fail either shear gradual crushing the material—the type 
failure depending the quality the concrete. 

the writers’ opinion, there greater disagreement the reported 
results than actual tests. The majority available tests plain concrete 
columns disclose unmistakable shearing failure, and probable that, 
large proportion the columns where failure has been ascribed crushing 
the concrete, more careful diagnosis would have shown that the column 
failed shear, contention which substantiated many instances 
photographs the test specimens taken after failure. Moreover, large 
proportion the so-called crushing failures have occurred columns com- 
posed concretes too lean for actual construction work, and are not fair 
criterion. seems reasonable, therefore, assume that the average unrein- 
foreed concrete column, constructed grade concrete ordinarily used 
good practice, will fail shear; crushing failure being exception which 
due some pronounced defect materials workmanship. 

The resistance which unreinforced concrete column offers shearing 
failure consists of: (1) the shearing strength the concrete; and (2) the fric- 
tional resistance the material incipient motion along the impending plane 
rupture. failure the column was resisted solely the shearing strength 
the material the plane rupture would make angle 45° with the 
horizontal, the shearing the imposed load maximum along 
plane having this inclination. Tests, however, show conclusively that the 
actual plane rupture inclined considerably more than 45° with the 
horizontal and the difference inclination can only ascribed the fric- 
tional resistance the material. 

Until recently, writers, even Rankine, have accepted the erroneous theory 
Coulomb wherein friction neglected and the plane rupture assumed 
make angle 45° with the horizontal, despite the fact that Navier has 
given the true analysis granular substances compression. Although 
engineers now admit the existence friction concrete, for some inexplicable 
reason they usually fail give proper consideration, evidenced the 
discussions the cube versus the cylinder the proper 
criterion the compressive strength concrete column. The difference 
between the results obtained with cubical and cylindrical test specimens 
friction, conclusion that may inferred from careful study current 
literature, pertinent to.the subject, which has not been clearly and concisely 
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stated. the true significance the concrete was 
properly appreciated the fallacy considering the cube eriterion the 
axiomatic and there would need any discussion. 

Tests show conclusively that the compressive strength developed cube 
exceeds that cylinder (having height diameters), and that the 
results cylinder tests agree reasonably close with those actual columns 
the same concrete, which just what theory leads one expect. Manifestly, 
the steepest plane rupture, which can intersect the entire cross-section 
cube, has inclination 45° with the horizontal. Inasmuch the plane 
rupture concomitant with shearing failure has much steeper inclina- 
tion, obviously impossible for cube fail pure shear, and con- 


strained, therefore, fail combined ‘shear and crushing. However, 
eylinder having height diameters the entire cross-section can 
intersected plane rupture, having the inclination requisité true 
shearing failure, and the cylinder, therefore, will fail shear alone. other 
words, the difference the mode failure cubes and cylinders and the dis- 
erepancy strength consequent thereon due the additional 
inclination the plane rupture, concomitant with true shearing failure, 
which introduced the frictional resistance the concrete. 

Knowing the manner which plain concrete column fails, under imposed 
load, and the factors which resist this failure, becomes simple 
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matter deduce formulas for the stress the concrete and the inclination 
the plane rupture. 
Referring Fig. let, 


the imposed load, pounds. 
the cross-sectional area the column, square inches. 


the unit compressive stress the concrete, per 


square 
the unit shearing stress the concrete, pounds per square 
inch. 
the angle which the plane rupture makes with normal the 
axis the column. 
the friction* angle the concrete. 
The component which tends cause sliding along the plane rup- 
which, tan equals the coefficient friction. Hence, for equilibrium, 


or, 


Rupture the column will manifestly along that plane which 


From Equation (3) seen that the angle rupture 45° plus one-half 
the friction angle. 


tion (2): 


and, 


When the eccentricity the imposed: due either 
the load not being applied along the axis the column the non-homo- 
geneity the concrete, the maximum the extreme fiber 
may greatly exceed the unit compressive stress which, uniformly distributed, 
would cause the column shear across its Failure the 
column would then due the progressive crushing shearing the 
extreme fibers. However, shearing failure the extreme fiber can not 


The term. friction angle. used for lack better one. Strictly speaking, angle such 
that its tangent equal the coefficient the friction the concrete. 
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take place until section the shape sheared out, and this can 
not occur until the compressive stress the extreme becomes great 
enough overcome the shearing strength the concrete frictional 
resistance the two faces the wedge. 


The angle rupture, which the foregoing 
failure, may determined follows: 


Referring Fig. let, 
the maximum unit compressive stress the extreme fiber, 
pounds per square inch. 


the unit shearing stress the concrete, pounds per square 
inch. 


the angle which the two planes rupture make with normal 
the axis the column. 
the friction angle the concrete. 

The component f,, which tends cause sliding along the two 
tan Hence, for equilibrium, 


or, 


or, 


she: 
she: 
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rupture will occur along the planes which fol- 


Substituting cot for tan Equation (7), 


fe = Qf, tan -(10) 

The relation between the unit compressive stress will cause 

shearing failure across the entire section the column and that which will 

shear out wedge the extreme fiber may determined, for any given value 

follows: Dividing Equation (10) Equation (5) and solving for 
tan 


other words, the unit compressive which will cause failure 
shearing out wedge the extreme fiber must least 1.75 times the 
unit compressive stress which will cause failure shearing the entire section 
the column. 

Having considered the plain concrete column, the analysis the helically 
reinforced column may undertaken order ascertain wherein the 
relations between stress and imposed load which obtain the unreinforced 
column are modified the lateral restraint which introduced helical 
reinforcement. reinforced concrete columns without longitudinal 
steel will considered first, and the effect longitudinal reinforcement will 
discussed subsequently. 


Tests indicate that helically reinforced concrete columns 
may fail any one three ways, the type failure depend- 
ing the quantity reinforcement. With steel about 
1%, the column will fail shear the same plain con- 
crete column. With steel excess and about 

the lateral restraint the reinforcement sufficient 
preclude shearing failure and the column fails through 
crushing the With reinforcement excess 
about 1.6%, the column will not fail, even after the concrete 
-has crushed; until the helical reinforcement has been stressed 
considerably beyond its elastic limit, causing undue elonga- 
tion rupture and thereby the crushed concrete 
slide. 
The analysis the. helically reinforced concrete column, without longi- 
tudinal steel, follows: 
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the horizontal thrust pounds, supplied the helical rein- 
forcement. 
the unit vertical pressure the concrete, due 
the unit horizontal pressure the concrete, due 
the unit tangential component along plane making 
angle, with plane normal the axis the column. 
the unit normal component the plane mentioned. 
the unit tangential component along the plane mentioned. 
the unit normal component the plane mentioned. 
the unit shearing stress the concrete along the plane men- 
tioned. 
the angle which the plane rupture (for shearing failure) 
makes with normal the axis the column. 
the friction angle the concrete. 
the cross-sectional area, square inches, the composing 
the helix, per unit column length. 
the unit the helical reinforcement. 
unit vertical deformation, inches, the column. 
the unit horizontal deformation, inches, the column.. 
Poisson’s ratio. 
the modulus elasticity steel. 


the modulus elasticity concrete. 


The following equations are fundamental and, course, expla- 
nation: 
hsin 
The tendency slide the plane rupture The resistance 


Failure the column, through shearing, will occur along that plane 


whence, 


4 


Pap 


con 


The 


| 
est 
col 
fai 
str 


pers. 


rein- 


sing 


ance 


(11) 


(12) 


(13) 


HELICALLY REINFORCED CONCRETE COLUMNS 


From Equation (13) seen that, for shearing failure, the inclination 
the plane rupture helically reinforced column, like that plain 
column, 45° the friction angle. 

the analysis the plain concrete column was found; 
Equation (4), that the unit shearing stress is: 


The unit shearing stress helically reinforced column. is: 


shown Equation (12). equal unit shearing stresses the two 
types columns these expressions become equal; whence, 


this manner, the unit shearing stresses may eliminated and relation 
established between the concomitant unit compressive stresses. The unit 
compressive stress which will cause shearing failure plain concrete 
column, may readily determined from cylinder tests the same grade 
and the concomitant value calculated Equation (4). 
failure, the shearing stress the concrete becomes equal its shearing 
strength, which constant for any given concrete whether used 
reinforced Consequently, having determined the unit compres- 
sive stress concomitant with shearing failure plain conerete column, 
becomes simple matter determine the corresponding unit compressive 


stress helically reinforced column, the relation between and 


expressed Equation (14). similar manner, the unit. 
stress, concomitant with any given shearing stress the helically reinforced 
column, may expressed terms the unit compressive stress, which will 
produce the same unit shearing stress plain concrete column; or, letting 
equal the unit compressive stress which will produce any given unit 
stress plain concrete column: 


Before Equation (15) can solved for necessary express 
terms This may accomplished means the relations which exist 
between the vertical and lateral deformations, and between the lateral defor- 
mation and the stress the helix. shown treatises structural 
that, 
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and, 
terms the stress which causes the helix: 
1 
or, 
h p' E, ( ) 
Whence, from Equation (17): 
(20) 


Substituting the value from Equation (20) and the value from 
Equation Equation (15), and solving for 


When f,’ represents the unit vertical compressive stress required pro- 
duce shearing failure plain concrete column, the corresponding stress, 


for helically reinforced column, represented Equation From 


Equation (21), can readily seen that exceeds f,’ thus indicating the 
value helical reinforcement resisting shearing failure. the per- 
centage reinforcement increases, the denominator the right-hand member 
Equation (21) decreases; with corresponding increase the value 
the reinforcement sufficient, will become the crushing 
strength the concrete, which case the column will longer fail 
shear, but crushing the concrete. 
equals the compressive stress plain concrete and equals the cor- 
responding deformation, Equation (16) becomes: 


When the helical reinforcement sufficient preclude shearing failure 
the vertical unit compressive stress, required cause failure 
the column crushing, may determined Equation (23), when repre- 

sents the crushing strength the same grade plain concrete. 
the material within the helix granular mass, such crushed con- 
crete, the resistance tangential movement sliding represented 
Equation (12), which now the resistance sliding along the assumed 
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af, 


When the resistance sliding overcome, Equation (12) becomes equal 


terms the stress helix, however: 
Whence, 


‘As long the value determined from Equation (23), less than 
the value determined from Equation (27), when represents the stress 
the steel reaches its yield point, failure the ‘will occur 
even the concrete within the helix crushed the load. 


determined from Equation (8), will the. compressive stress necessary 
shear out wedge under eccentric 

When longitudinal steel used conjunction with helical reinforce- 
ment, Equation (21) becomes: 


The theoretically correct equation is: 


small, and Equation (28) simpler and 
accurate for all practical purposes. 

when. longitudinal steel used conjunction with helical 
ment, Equation (23) becomes 


(30) 
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Due some cause, the longitudinal steel does not 
develop much stress indicated failure and, therefore, lower 
value, n’, must used. 

The theoretically correct equation 


but Equation (30) used order that the values from 
Equation (28) and Equation (30), respectively, may equal for certain 
value p’, regardless the value Tests (see graph tests helically 
reinforced concrete columns (Fig. Professor Wrentmore hereinafter 
discussed) indicate that curves, having their equations, Equations (28) 
and respectively, intersect equals about 0.01. other words, 
when equals about 0.01, helically reinforced concrete column will not 
fail shear before the concrete core has crushed. 

increases.and increases increases, but there not sufficient 
information. available give the relation between and and and 
Until these relations are determined seems advisable values for the 
aforesaid factors which obtain the average concrete. Assuming prob- 
Equations (28) and (80), respectively, and allowing factor safety 
about 4+, the following working equations are 


and, 

8p’ 


careful study the test data, hereinafter given, indicates that lies 
somewhere between and 44, but nearer than 44; and lies somewhere 
between 2.5 and but nearer 2.5. For the sake convenience, assumed 
2.5, which somewhat low, and counteract this, the value assumed 
27, which undoubtedly less than the probable value. previously stated, 
there appears tendency for the steel slip, the amount 
slip not remaining constant, and the value is, therefore, 
study tests, however, indicates that lies somewhere between and 27. 
value chosen because, first, convenient figure, and, second, 
its use Equations (28a) and (30a) gives results which closely agree with 
the most modern practice. regards the value tests indicate that, for 


See graph (Fig. conducted Professor Wrentmore. These tests are 
reported Soc. B., Vol. LXXVIII (1915), 97. 
The factor safety about Equation (28a), and about 4.5 Equation (30a), 


greater value being used Equation (30a) because the, difficulty determining the 
correct value 
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percentages reinforcement sufficient preclude shearing failure the 
concrete, 50° reasonable value. For higher percentages reinforcement, 
appears about degrees. The only reason the writers can advance 
present for the apparent decrease the for higher percentages 
reinforcement, that before the bond the cement broken the coarser 
particles the aggregate dovetail into each other and are stronger shear 
than the bonding cement. After the bond broken, these particles have 
tendency roll upon each other, thereby diminishing the frictional resistance. 

Although the values n’, and just given are only approximate, they 
are about accurate the available data will permit and, when substituted 
Equations (28) and (80), the resulting values agree with actual 
closely when the great variation these taken into 
consideration. should clearly understood that the values the aforesaid 
constants, which are used obtaining the working Equations (28a) and 
those that obtain failure and the desired factor 
using the proper coefficient Inasmuch the values vary 
considerably the stress the concrete changes and are materially different 
failure the column than under working loads, the fallacy attempting 
secure given factor safety working formula using therein the values 
the aforesaid constants, which presumably obtain under working loads, 
should self-evident. This point can not stressed too strongly view 
the inexplicable tendency many engineers ignore it. 

helically reinforced columns without longitudinal reinforce- 
ment are seldom ever used, attempt has been made derive working 
equations for Equations (21) and (23).* Equation (27) obtains only when 
the concrete core crushed and is, therefore, only academic interest and 
useless from the standpoint design, working equation Equation (27) 

brief various tests concrete columns (principally helically 
reinforced concrete columns) given Table-1, wherein, for the sake con- 
venience the various columns are designated Nos. (1) (20), 
inclusive. Although the lengths the test columns differed considerably and 
have not been noted should understood that column had 


ratio exceeding the limits prescribed for short columns. For few 


columns, the tests indicated that failure was due flexure, but this was due, 


doubt, local defect. understood that the limiting value 


decreases increases and theoretically becomes zero when sufficiently 
preclude shearing failure. course, even when 0.01 (the 
“limit shearing failure), the column curve (for crushing failure the 


‘extreme fiber) almost horizontal for considerable value and for 


Equations (30a) become working formulas for Equations (21) 
respectively, when 
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practical purposes the limiting value would still considerably greater 


than zero. aid the understanding the data presented Table 
the following explanatory notes may value: 

The data given under Columns (1), (2), (5), (6), (8), (9), 
(18), and (19), was furnished the person, persons, conducting the tests. 

The ultimate strength the column, given under Column 
determined dividing the maximum load the area the column cross- 
section. other words, would represent the ultimate strength the 
column the latter were perfectly homogeneous and each square inch its 
cross-section were equally stressed. 

The average cylinder test, given under 
strength the test specimen determined taking the average all cylin- 
der tests particular mixture concrete any given series 
doubt, unnecessary state that, probability, given pro- 
portions any one set experiments will not exactly the same that 
identical proportions some other set experiments. 

The stress the concrete, given under Column (12), was often 
determine, even Where longitudinal reinforcement 
was used, was determine (or assume) the stress the 


longitudinal steel. Having determined (or assumed) this stress, was 


multiplied the cross-sectional area steel order obtain the total load 
carried the longitudinal reinforcement. load was then subtracted from 
the total load the column and the remainder divided net cross- 
_sectional area the concrete order obtain the unit stress the concrete. 

The stress the longitudinal steel, given under Column (13), was likewise 
rather difficult determine. certain series tests (such 
Withey), which the amount longitudinal steel varied while other condi- 
tions remained constant, the results were plotted cross-section paper and 
straight line passed through them order determine the increment stress 
taken the steel. other cases, where the deformation was great 
exceed considerably the elastic limit the steel, some constant value little 
excess the elastic limit, which best seemed fit conditions, was assumed 
the stress the steel. still other cases, where the elastic limit the 
steel was not exceeded, the stress the steel was determined multiplying 
the observed unit deformation the modulus elasticity the steel. 
some instances, where the deformation was not given, the stress the steel 
could not determined. 

The values f,, given under Column (14), were obtained from Equation 
(27) using 45° the value and the results given under Column (12) 
the values The tests conducted Wrentmore, Am. Soc. 
E., and noted Table indicate that 45° the most probable value 
concrete that already ruptured. 

The values given under Column (15), were computed the formula, 
(11), and the unknown quantity. When reinforcement 
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used, the formula just mentioned does not obtain and nf, can not com- 
puted. 

The values failure, shown under Column (16), were obtained 
exterpolation from the observed values the tests whenever such data were 
given. doubt these values are generally less than the real ones the 
deformations become proportionately much greater failure. 

Having given the values the values given under Column (17), 
were then computed Equation (21) wherein all the other quantities were 
assumed known. may readily seen, some values are less than those 
obtained the assumption constant volumes. the volume 
under compression always decreases; such cases the computed 
values are, therefore, too small and either the strength the 
conerete, are greater than the assumed values. 

study Table will readily indicate the difficulty attempting co- 
ordinate the majority reported Although there considerable diver- 
sity the mixture concrete used and the age the test specimens, there 
are only few series tests which, with constant mixture concrete 
and age test specimen, there sufficient variation the percentage 
helical indicate clearly what value the limit between 
Equation (21) and Equation (23), and what value the limit between 
Equation (23) and Equation (27). Inasmuch can only determined 
when the exact intersection curves, having their equations, Equation 
and Equation (27), respectively, known, can readily seen how uncer- 
tain the value may be. The manner which the helix influences the 
strength the concrete may readily seen, but the exact degree influence 
unknown the exact values and v,, used for the various 
concretes, are not known. Among the most instructive the tests thus far 
reported ‘are those which were conducted Professor Wrentmore,* graph 

Fig. the unit vertical pressures, sustained the test columns 
failure, were plotted ordinates and the corresponding percentages helical 
reinforcement abscissas and curves, determined Equations (21), (23), 
and (27), were then passed through the points thus obtained. For helical 
reinforcement about 1%, curves having their equation, Equation (21), 
which predicated upon shearing failure the column, seem agree 
fairly well with the plotted tests. For reinforcement excess and 
less than 2%, curves having their equation, Equation (23), which predi- 
cated upon crushing failure the concrete, seem apply. For reinforce- 
ment excess from 1.6 2%, curves having their equation, Equation 
(27), which predicated upon the stress the helical reinforcement, appear 
more nearly correct. the basis these tests, f,’, for concrete, 
appears lie somewhere between 1490 and 833, seems lie somewhere 
between and 44, lies somewhere between 2.5 and and about 50° 
for the lower percentages reinforcement and about 45° for percentages 
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© Age when cheted 31 to 77 days 


strength when failing shear) 


i- P'n tan? (454%) 
Vc 


Equation (21) 


Equation (23) 
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excess 1.6 per cent. The values f,’, and seem depend, great 
the age the concrete. Regarding the apparent decrease the 
value for higher percentages reinforcement, the only explanation which 
the writers can advance present that before the bond the cement 
broken the coarser particles the aggregate dovetail into each other and are 
stronger shear than the bonding cement. After this bond broken, these 
tendency roll upon each other, thereby diminishing the fric- 
tional resistance. 

Although the available test data, pertaining helically reinforced columns, 
inadequate evaluate accurately the various constants used the foregoing 
equations, the writers feel that careful study the data, thus far available, 
will justify the following conclusions: 


(1) Plain concrete columns, lengths least tend fail 


shear, barring some pronounced defect materials workmanship. 

(2) The resistance failure offered plain concrete column consists 
the shearing resistance the concrete and the frictional resistance the 
material incipient motion along the impending plane rupture. 

(3) The frictional resistance the concrete important factor the 
strength the column. 

(4) Helical reinforcement very effective resisting shearing failure 
the concrete core the column. sufficient helical reinforcement used, 
possible preclude shearing failure the column. 

(5) Helical reinforcement not very effective preventing crushing 
the concrete core. 

(6) Helical reinforcement tends increase the reliability concrete 
column neutralizing the effects local imperfections. Furthermore, with 
helically reinforced columns, warning impending failure given, 
90% the ultimate strength, the cracking spalling the outer shell. 
permissible, therefore, allow lower factor safety and correspond- 
ingly working stresses helically reinforced columns. 

(7) Three types failure occur helically reinforced columns, the type 
failure depending the amount reinforcement: 


a.—With reinforcement about 1%, the column tends fail 
shear. 
reinforcement from about about 1.6%, failure 
‘due the crushing the concrete core the column. 

reinforcement excess about 1.6%, failure the 
column will not occur even after the concrete crushed, until the 
reinforcement stressed considerably beyond its elastic limit and 
possibly, some cases, its ultimate strength. Tests have been 
reported wherein the helix had ruptured under loads which, theoretically, 
could not stress the steel anywhere near its ultimate strength. Such 
failures were undoubtedly due pronounced local defect materials 
workmanship which resulted local overstressing the helix. 
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(8). The pitch the materially 
especially with higher percentages reinforcement, and small 
practicable; the smaller the pitch the helix the the tendency for 
the particles crushed concrete flow between the coils the helix. 

(9) rational analysis of, the stresses in. and concrete 
helically reinforced concrete column possible. 

(10). Longitudinal reinforcement, consisting rods bars, should not 
used unless well tied together frequent intervals with lateral bands. 
should preferably not used except conjunction with helical reinforce- 
ment. 

(11) There urgent need additional research work helically rein- 


concrete columns, with reinforcement ranging 0.75 
per cent. 
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EVAPORATION UNITED STATES RECLAMATION 
PROJECTS 


roughly estimated that Federal irrigation projects alone, 1000000 
acre-ft. water lost each year evaporation from reservoirs. Much this 
loss unavoidable, but some instances substantial economies can effected 
the nature and extent the losses are thoroughly studied. 

Reclamation Bureau engineers have been collecting and studying evapora- 
tion data for many years. Floating land pans, sometimes both, have been 
maintained projects where large storage reservoirs are necessary parts 
the works, the primary object, course, being determine accurately 
possible the actual evaporation losses from the reservoir surfaces. Although 
variations type installation and equipment sometimes have been necessary 
order local conditions, the general design for land-pan installations 
during recent years has followed the specifications adopted the United 
States Weather Bureau for its Class stations. The Weather Bureau has co- 
operated with the Reclamation Bureau, many instances, furnishing equip- 
ment well publishing daily and monthly records. Records published 
the “Climatological Data for the United States”, issued the 
Bureau, are mostly for land-pan stations, but few floating-pan records are 
included therein. Daily and monthly records several stations included 
the tabulations accompanying this paper have not been published. 

This paper summarizes the evaporation investigations the Reclamation 


Bureaut date, the more important features which are briefly described 
follows: 


monthly records, with corresponding temperature, 
wind, and relative humidity data, whenever available, are given for all sta- 
tions Federal irrigation projects. 


and minimum values monthly and annual evaporation 
are given for selected stations. 


subject this paper one ten selected the Special Committee 
Irrigation Hydraulics for study and research. The paper was prepared co-operation with 
Debler, Am. Soc. E., the suggestion the Committee order avail- 
able for general use much valuable data heretofore only found the files the Bureau 
Reclamation. The Committee after studying the paper has recommended its publication 
order elicit discussion the subject and through the discussion the pos- 
other data similar not heretofore generally available. (See 
Report the Committee, Proceedings, Am. Soc. E., March, 1925, Society Affairs, 
137. 

Engr., Bureau Reclamation, Denver, Colo. 


also, Evaporation Obtained Different Stations Various Parts 
the United States,” News, June 16, 1910. 
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necessity for considering meteorological conditions applying 
evaporation data shown diagrammatic comparison records (Fig. 
the two Yuma stations. 

the ground with earth banked around the sides, was found only 72% 
the evaporation from Class land pan, in. deep and ft. diameter, 
set the ground with earth around the sides. 

5.—The evaporation land pan the ground the edge alfalfa 
field was found only 62% the evaporation tower ft. above the 
ground. 

6.—Evaporation from floating Class pan mounted raft was found 
67% the evaporation from similar pan land. 

troubles floating pans have been partly eliminated 
installing sheet-iron honeycomb the lower part the pan, thus dividing 
into compartments. 

8.—Measurements ice evaporation Saco, Mont., showed daily rates 
from 0.010 0.070 in., the mean temperatures varying from about 9.6 
31.1° Fahr. 


Mean Monthly Records—Records mean monthly evaporation all 
stations Federal irrigation projects, whether maintained the Bureau 
Reclamation other agencies, are summarized Table addition 
the actual data, pertinent descriptive data regarding location, equipment, 
exposure, records, and parties maintaining the stations, are the table. 
Stations the same section the country have been kept together far 
The locations the stations are indicated the key map, Fig. 
the numbers enclosed circles, these numbers-being the same those noted 
above the station descriptions Table 

order avoid useless the name, Reclamation Bureau, 
has been used Table designate the former Reclamation Service ‘as 
well the present organization. Acknowledgments for use unpublished 
records are due the irrigation officials the Office Public Roads and Rural 
Engineering, United States Department Agriculture; also the California- 
Oregon Power Company. 

Mean monthly evaporation records, inches, are Table under 
“Descriptive Data”. the evaporation records, wherever the data 
were available, are columns giving mean monthly temperatures, degrees 
Fahrenheit, mean monthly wind velocities, miles per hour, and mean monthly 
relative humidities, percentages, these being the principal meteorological 
factors that affect evaporation rates. Unfortunately, relative humidity data 
inclusively all cases. Sizes pans, for all stations except Station No. 
are noted giving the vertical-depth first, then across, then 
the shape the cross-section, “19 in. ft., square.” 

Evaporation records, like most observational data are difficult maintain 
continuously for long periods time. Unforeseen interruptions occur despite 
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the best laid plans. Animals break through the fence and drink the water, 
waves splash over the edges the pan, the pan develops leak, some other 
happening similar consequence vitiates the records. Although the data 
for some the stations, principally Class installations, are practically con- 
tinuous, records others are not. general rule, interruptions are less 
frequent land pans than floating pans. They are also less frequent 
the warmer stations where freezing seldom never occurs. the northern 
stations is, course, necessary discontinue the records during the winter 
months. Temperature, wind, and relative humidity records are seldom 
interrupted, except when the stations are dismantled for the winter. Some- 
times these records are maintained during the cold weather and only the 
evaporation observations discontinued. 

compiling the data Table questionable records were discarded. 
Records were not interpolated except cases where only few days’ observa- 
tions were missing. Ordinarily, more than week’s data were missing 
any one month the remaining records for that month were disregarded 
calculating the averages. Consequently, the mean monthly values for given 
station may not entirely comparable regards length record. 
illustrate, the mean evaporation for June may calculated from five records 
whereas the mean evaporation for July may based six, seven, some 
other number observations. 

Range range annual evaporation selected sta- 
tions indicated the data Table Maximum and minimum records, 
their differences, and the years which they occurred, are given for the 
stations that had the greater numbers full years record. Quantities are 
given inches, also pereentages mean values. will noted that the 
total range varied from 8.55 in. the East Park Reservoir 25.47 in. 
Cold Springs, the corresponding percentages being 13.7 and 49.0, respectively. 

Similar data showing variations monthly evaporation the floating-pan 
station the East Park Reservoir and the land-pan station Elephant 
Butte are given Table these stations having been chosen because their 
records practically interruptions, thanks the efficient super- 
vision Weber and Lawson, Am. Soc. E., Project 
Superintendents. The difference between maximum and minimum records 
for individual months vary from 1.14 4.20 in. East Park, and from 2.34 
4.40 in. Elephant Butte. Fig. view the floating pan East 
Park Reservoir. Fig. shows the land-pan station Mesilla Park, Rio 
Grande Project, maintained the New Mexico Agricultural College. 
compiling the data was noted that records daily evaporation great 
0.8 in. have occurred ‘at the Yuma Roosevelt Stations. 

Effect Meteorological unusual example the variations 
evaporation caused variations meteorological conditions furnished 
the records two Yuma Stations. These are both Class installations, 
maintained the University Arizona. Records are published the 
Weather Bureau. The stations are less than miles apart, and the mean 
annual temperatures differ only degrees. Consequently, one would 
expect the records quite similar. the annual evaporation 
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2.—FLOATING EVAPORATION PAN THE EAST PARK RESERVOIR, ORLAND PROJECT. 


3.—LAND PAN STATION MESILLA PARK, GRANDE PROJECT, MAINTAINED 
THE NEW MEXICO AGRICULTURAL COLLEGE. 
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Mean Range.| Mean Range 

1,18 1.70 0.56 2.82 3.85 1.40 2.45 
February... 1.64 2.92 0.92 2,00 3.98 5.64 2.90 2.74 
2.79 4.36 1.20 3.16 8.05 9.64 6.76 2.88 
5.84 8.52 2.82 11.08 12.98 9.23 
8.56 4.36 4.20 14.15 15.71 12.58 8.18 
JULY. 10.54 11.42 9.24 2.18 12.55 13.85 10.24 3.61 
9.85 10.60 9.18 1,42 10.88 9.10 3.09 
8.30 5.64 2.66 10.17 7.88 2.34 
November cove] OS 3.52 1.60 1,92 4.05 5.34 2.77 2.57 
December 1.54 2.20 1.00 1.20 8,02 3.96 0.99 2.97 


measured the Yuma Citrus Station about 70% more than that observed 
the Yuma Evaporation Station. The diagrams Fig. platted from the 
data Table would indicate that differences wind velocity were 
responsible for this variation, the velocity the Citrus Station being more 
than twice great the Evaporation Although the greater 
wind velocity undoubtedly accounts for part the increased evaporation, 
greater importance the much lower relative humidity the Citrus Station. 
The Yuma Citrus Station situated desert mesa whereas the Yuma 
Evaporation Station irrigated This situation illustrates 
the necessity observing relative humidity data evaporation stations. 
also shows that careful study meteorological conditions must made 
before evaporation data obtained one locality can used elsewhere, even 
the new location only few miles distant. 

Size and Installation Pans.—The stations included are not 
consistent regards kinds methods installation. Several 
different sizes and shapes are represented, are also several different styles 
mounting. Fortunately, direct comparisons records differently designed 
installations are possible one two instances. 

Two land pans were maintained Jackson Lake Reservoir, Wyoming, 
during the summer One pan, in. deep and ft. square, 
the ground with earth banked around the sides level the water which 
was kept about in. below the The pan, in. deep 
and ft. diameter—was the ground with earth placed around the 
The evaporation from the former was only 72% that measured 

Powell, Wyo., the Shoshone Project, two land pans were maintained 
during the summer seasons from 1911 inclusive. One pan, deep 
and ft. was mounted ft. above the ground. The 
other, ft. diameter, depth not was situated the ground 


edge alfalfa evaporation. from the latter that 


from the former.. Individual monthly percentages vatied from 
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Floating and Land-Pan Evaporation—Floating pans and land pans were 
maintained the Nelson Reservoir, Milk River Project; Montana, from 1921 
1923, inclusive. Both pans were the Standard Weather Bureau Class 
type, in. deep ft. diameter. Pan No. Table gives the 
mean records and the ratios the floating-pan averages the land-pan 
averages. The ratios vary from 0.60 0.76, averaging 0.68. 


=x 
a 
= 60 Wind Velocity 
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YUMA EVAPORATION STATION YUMA CITRUS STATION 
Years Record Years Record 


RECORDS THE YUMA EVAPORATION STATIONS. 


Similar comparative records were maintained the Ralston Reservoir, 
Shoshone Project, Wyoming, from 1911 1914, inclusive, using circular 
pans ft. diameter, depths not known. The ratios floating-pan averages 
land-pan averages varied from 0.50 1.09, averaging 0.71... These values 
not appear Table because the land-pan data given therein are for 1911 
1916, inclusive. 

Attempts obtain similar comparisons the Deer Flat and Arrowrock 
Stations the Boise Project, Idaho, were made during the summer 1916, 
but owing sloshing troubles very satisfactory information was secured. 
Sloshing troubles the floating-pan station Nelson Reservoir were partly 
eliminated installing No. gauge, galvanized, sheet-iron honeycomb 
the lower part the pan, dividing into compartments approximately in. 
square and in. deep. 

Ice evaporation was measured Saco, the Milk 
River Project, Montana, during the winter 1922 and Stratton, 
Am. Soc. E., Superintendent, reports follows: 


“An attempt was made get some rough data the winter evaporation. 
For this purpose, pan, 14.85 in. diameter (in which water equals 
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0.01 in. depth) and in. depth, was installed platform scale, 
Saco. Some trouble was experienced with the pan bursting during thawing 
and freezing weather, but general was maintained during the winter 
months.” 

The results Mr. Stratton’s experiments are given Table will 
noticed that the average daily rates vary in., January, when 
the mean temperature was 9.6° Fahr., 0.070 in., November, when the 
mean temperature was 31.1° Fahr. 


THE WINTER 1922 1923. 


Mean* 
Number Total Equivalent, 
inches. feet. Fahrenheit. 
1,12 0.070 0.0059 2.10 
0.41 0.015 0.0012 0.41 


For period observations, 


Practical Value the Data.—Generally speaking, the mean data Table 
are not well adapted theoretical studies evaporation laws, testing 
the various formulas which have been prepared for calculating such losses. 
This because the varied types equipment and installation repre- 
sented, well the interruptions the records. Some the longer, 
more continuous records the warmer stations, such those obtained 
East Park, Elephant Butte, Roosevelt, and Yuma, may suited such pur- 
poses; although they are not desirable specially conducted experiments 
carried scientifically trained observers. However, believed that the 
data Table will found great practical value, not only irriga- 
tion engineers, but also those engaged municipal water supply works, 
water power developments, any other the many engineering problems 
which require the use evaporation records. 
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PIPE. TUNNEL UNDER GOWANUS CANAL, 
BROOKLYN, NEW YORK 


This paper describes the building tunnel under the Gowanus Canal, 
from the Citizens Works The Brooklyn Union Gas Company, situated 
between Fifth and Huntington Streets, Brooklyn, The purpose the 
tunnel carry gas mains from this manufacturing plant and connect them 
the distribution system, thus eliminating lengthy and circuitous detour 
pipe around the head the canal. 

The tunnel 186 ft. from center center shafts, with cross- 
section, ft. high and ft. in. wide. The tunnel and shafts are 
steel plate, lined with reinforced concrete. can accommodate two and 
two 24-in. mains, with sufficient room for walkways each side and ample 
space for repairs replacement the pipes. 

The outstanding features connection with this project, are follows: 

(1) The unique and inexpensive method used, which 
assembling the steel shell ways, like ship, launching into 
sheathed trench, and sinking position across the canal; 

(2) The co-ordination the many details the work, obviating costly 
delays; and 

(3) The perfect utility the tunnel for the purpose for which was 
designed. 

The co-ordination the work, insuring minimum delay, was doubly 
important reason the fact that all this construction had accom- 
plished without interference with the extensive navigation the canal. 
The Gowanus Canal lined with large industrial enterprises, including 
street railway power station, and their needs would brook’ interference, 
however slight, the navigation the canal. The canal closed naviga- 
tion from 5.00 7.00 M., and all day Sunday. Certain phases the 
work had carefully co-ordinated with these periods. 


DESCRIPTIVE 


The condition which prompted the construction pipe tunnel under the 
Gowanus Canal was the remarkable growth, within few years, the 


paper issued before the date set for presentation and discussion. Cor- 
respondence invited and may sent mail the Secretary. Discussion the paper 
will closed June, 1926, and, when finally closed, the paper, with discussion full, will 
published Transactions. 


Constr. Engr., The Brooklyn Union Gas Co., Brooklyn, 
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generating capacity the Citizens Works The Brooklyn Union Gas Com- 
pany. One the prime necessities plant abundantly adequate 
transmission system which will easy “get-away” for the gas. The 
gas mains going through this tunnel provide short cut eastward the 
general transmission system the Company 12th Street and Second 
Avenue. 

Prior 1920, the capacity. this plant was 000 cu. day. 
extensive construction program was launched about that time, and, 
the capacity the plant had been increased, steps, 29000000 cu. ft. 
daily, and additional transmission mains became absolutely necessary. 

The Citizens Works situated across the canal from some its important 
mains (see Fig. 1). The original 24-in. main from the Citizens Works took 
tortuous route order get around the head the Gowanus Canal Butler 
Street, and back 42-in. main that begins the 12th Street Pumping 
Station, below Second The length the 24-in. main from the 
Citizens Works the 42-in. main Second Avenue and 12th Street approxi- 
mately 11000 ft. Obviously, shorter line would across the canal, 
and along Second Avenue 12th Street, eliminating approximately 
000 ft. transmission line, 

matter fact, the original route could not have been paralleled 
exactly with main congested street conditions would have made 
unreasonably costly; nor was possible down Fourth Fifth Avenues 
reasonable cost, because the Brooklyn-Manhattan Transit Subway under 
Fourth Avenue and the elevated and trolley systems Fifth Avenue. The 
route would necessarily have been Sixth Avenue, and southward along 
Sixth Avenue, requiring increased length 200 ft. more, about 000 ft. 
all; and even this would have presented difficulties because large city 
water main running along part the route Sixth Avenue, any case, 
the laying main along this route would have been complicated the fact 
that would cross the large Bond Street sewer, the Brooklyn-Manhattan 
Transit Subway line under Fourth Avenue, and the same Company’s elevated 
structure along Fifth Avenue. careful weighing the relative cost these 
alternatives, both the initial cost construction and the expense 
for loss gas pressure which would have been the longer route, led 
the that the line under the canal was the more 
every respect, 

early 1912, the accumulation data relative this work was begun. 
Consideration was given bridge, overhead pipe 
across the canal, but was apparent that the lofty rigging the boats using 
this canal would this prohibitive, and that would not desirable form 
construction, subject, would be, storms, etc. This overhead was 
never seriously considered, but was desired exhaust the subject deciding 
what ultimately should done. 

Having decided tunnel the canal, the next were the 
method construction, and the size and cross-section .Con- 
sideration was given the use shield, but such a.method, with its, attend- 
ant plant and equipment, would have made the unit cost very high 
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for tunnel short length. was decided, therefore, use the open- 
cut method, assembling the steel tunnel shipways, conveniently spaced, 
and launching into coffer-dam purposely located, dredging across the canal, 
sinking the tunnel place below the bed the canal, and back-filling. 

One the factors influencing the choice this type the volume 
shipping the canal and the shortness time available for work it, 
limited the hours 5:00 7:00 M., and all day Sundays, dur- 
ing which periods the waterway was closed navigation. The extent the 
shipping this canal may comprehended the following figures, taken 
from War Department data, the tonnage and value shipping 
handled along this waterway: 


“Gowanus 
Tons. Value. 


266 299 (Not known) 
220 748 
215 352 631 752 
237 300 048 390 
237 048 390 
237 300 048 390 
658 000 354 000 
607 261 802 541 
732 248 128 
839 689 215 400” 


the size and cross-section used, number shapes and sizes 
were considered, and the final cross-section selected was oval form with 
parallel sides and semi-circular ends. This shape gave maximum area with 
minimum height, thus reducing the extent dredging, and lent itself 
admirably the reception the four mains required, with walkways each 
side and ample room for inspection, caulking pipe joints, replacing lengths 
pipe. 


The merest outline the steps the construction will visualize the work 
whole before its details and interesting phases are discussed. 

Property was acquired the canal just opposite the Citizens Works and 
shipways were erected for the assembling and launching the structure, 
which was delivered sections. ‘After launching into 
previously built the acquired property, the steelwork and concrete lining 
were partly completed. Meanwhile, the dredging for the shafts and the 
sheathed trench across the canal were completed. Finally, the steel tunnel, 
having been finished sufficient extent, was floated into place and sunk 
its final position. 

Fig. shown general view the site December, 1923. the 
foreground the steel shell was erected and launched. This had formerly been 
manure dump, and the clearing the site for the coffer-dam and the ship- 
ways included vast amount fumigating for sanitary reasons. The total 
excavation for the shafts and tunnel section amounted about 7000 yd. 
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The work the acquired property east the canal was comparatively 
‘simple, there was practically open field which begin, but the 
Citizens Works (west) side the dredging for the shaft was complicated its 
proximity the congested gas plant. Inside the concrete retaining wall, 
there are stored approximately 20000 tons coal (Fig. 2), and was neces- 
sary take every precaution insure against any settlement this heavy 
and valuable stock. the right, the background, shown 000 000-cu. ft. 
gas-holder just previously erected. 

The first shipments steel for the tunnel came ffom the Bethlehem Ship- 
building Corporation December 14, 1923, and the last shipment Janu- 
ary 1924. January 15, the work assembling the shell was begun. 
The method assembling the steel shell sections the launching cradle 
shown Fig. The completed steel structure weighs about 264 tons. 

the meantime work had gone ahead the Citizens Works side, dredg- 
ing out the canal bottom, and driving the sheet-piling for the coffer-dam 
receive the shaft the tunnel. This work was complicated the proximity 
future 1000-cu. yd. overhead ash-pocket (since constructed) for which 
the structural steel alone amounted more than 200 tons. 

The next major operation was the preparation the trench across the canal 
receive the tunnel. This work was begun after the coffer-dam for the shaft 
the Works side had been built. The bottom the canal was 
dredged depth about ft. and steel master piles were driven 10-ft. 
centers across the canal (Fig. 4). finally driven, the tops these master 
piles were ft. below the bed the canal. Their length was about ft., 
that they were actually driven depth ft. below the bottom. Along 
the outside the master piles was the steel sheet-piling, driven down the 
same elevation the heads the master piles. The sheet-piling was ft. 
long, and thus penetrated depth ft. below the bottom the canal. 

The driving the steel sheet-piling was one the phases the work 
that had done while the canal was closed navigation. Sunday, 
March 1924, the master piles and the sheet-piles for the north side the 
trench were driven across the canal, except for gap about ft. each 
side the canal left open for navigation. This work was started 6:30 
M., Sunday, and finished 3:30 m., Monday morning, March 31. 

the following similar operation for the other (south) side 
the trench was accomplished. Profiting the previous experience, was 
found possible the master piles and sheet-piling across the entire canal. 
position across the canal was used for centering the master piles. Meanwhile, 
work the steel tunnel andeshafts was progressing rapidly (Fig. 5). 
Incidentally, total piles was driven, which all but about 
tons for the coffer-dam was used connection with the trench and shafts. 

The dredging the trench between the sheet-piling was then begun, and 
the sheeting temporarily braced. When the excavation was down the final 
level, ft. in. below the bed the canal, 24-in. conerete braces were 
constructed across the bottom the trench 10-ft. centers 
sponding master piles and the temporary braces the top removed. The 
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space between the braces was filled with gravel, provide secure level 
foundation for the tunnel. 

meet the requirements the War Department, was ‘ultimately nec- 
essary either drive this sheeting down ft. in. below mean low water, 
remove entirely. The latter seemed the lesser evil, and all this piling 
eventually was pulled out, approximately 108 tons sheet and master piles 
being recovered. 

April 19, everything was ready for launching the tunnel, the barrel 
and the two lower courses the shafts having been assembled, riveted, and 
found absolutely tight. 9:30 m., the structure was released from the ways 
and without the least difficulty floated into the coffer-dam prepared for 
(Fig. 6). 

While the tunnel was afloat the coffer-dam, the reinforced concrete lin- 
ing was placed the barrel, and Sunday, June 15, the had 


point where everything was ready float the structure across 


the stream into position, sink it. this time the barrel was within 
few inches being awash. The great weight the shafts, and, counter 
relation, their greatly increased buoyancy per foot while sinking, made 
necessary brace the shaft shells preparatory sinking. order that the 
tunnel might sink keel, the two ends the barrel were bulk- 
headed, and when the structure had been towed the correct position, the 
shafts were flooded and the tunnel submerged its final 

In. Fig. shown the steel towed out its position across the 
canal and gradually submerging the bottom the trench prepared for it. 
With the sinking the structure its final position, the critical stages 
the work had been passed; remained was. simple. 
shafts were assembled their full height, the sheet-piling the canal 
drawn out, and the trench back-filled. The shafts were concreted, arid the sec- 
tion the barrel that had not been concreted before the sinking, was finished. 
The work the reinforced concrete lining barrel the 
shown Fig. 

While all this work had been going on, the major part the main from 
the east tunnel shaft 12th Street and Second Avenue had been laid, and 
the Citizens Works side, the line from the Pumping Station the Citizens 
Works shaft had also been brought point where was ready 
connected the mains going through the tunnel. Two 30-in. lines 
through the tunnel, leaving ample room for two additional 24-in. lines the 

Although the tunnel had been stay perfectly dry far 
skill could ensure this, provision was made for possible flooding. Instead 
American Gas Association standard pipe, American Water Works standard 
Class “D” pipe was selected, which heavy will not float when the tunnel 
filled with water. The slight additional expense entailed seemed justify 
this extra precaution. 

The mains the tunnel were the Company’s system on: 
November The tunnel and shafts are absolutely dry. Both mains 


a 
j 
he 
i 
| 


PIPE TUNNEL UNDER GOWANUS [Papers. 


were made tight under lb. air pressure before subjecting them gas 
pressure, and the working pressure the gas only one-half that, the 
mains are perfectly shows the two mains laid through the tunnel. 


tunnel combination rectangle ft. in. wide and two semi- 
circular sections ft. in. radii, making the width the tunnel ft. 
in. inside the steel shell, and the height ft. take. the pressure 
the straight sections longitudinal bracing truss was placed through the 
center the tunnel shown clearly Figs. and This truss, was not 
intended act beam. 

number pipe tunnels were investigated the 
Fig. shows some the comparative cross-sections, The final, selection 
really compromise between the other two, combining the advantages both, 
without their drawbacks. This permits two 30-in. pipes one side, and 
two 24-in. pipes the other. The pipes shown the extreme ends the 
represent replacement sections and emphasize the adequate space 
available which work. matter fact, this scheme was modified 
slightly. Instead putting two 30-in. one top the other, they 
were placed side side, and the two future 24-in. pipes will over them; or, 
should found necessary, two mains can above, the 
required still maintained. 

shape the tunnel. The and tangential joints are covered 
with exterior butt-plate. All rivet were and reamed, 
and all joints caulked. 

The steel shell the tunnel and shafts lined ‘with in: reinforced 
concrete. This lining designed support the entire load acting 
tunnel if, the course time, the outside steel should rust 
longitudinal steel bracing through the center the tunnel sets against the 
steel lining that will always function. 

The plan and sections the tunnel showing the general arrangemetit and 
the relation the various appurtenances are indicated Fig. 11. 


The plotting progress plans and perspectives invaluable aid 
co-ordinating the different phases the work and eliminating vexatious 
delays. may appear elemental, but means visualizing the work 
unit, has peer. lessens the chance halting the work for “lack 
tenpenny nail”. There moment almost every engineering when 
with the thousand loose ends that must dovetail not finished, perhaps not 
begun, things look and the engineer charge, with all his planning 
and visualizing, trusts blindly luck. that moment the labor spent 
keeping progress charts date more than repays its cost. 

looking over the actual work its early stages the engineer apt 
the dilemma the man who could not see the forest for the 
few plans which the progress various items ‘of the 
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tunnel work were minutely and carefully plotted, will illustrate the methods 
used. During the progress construction these charts hung the walls 
the field office, and quick glance was all that was necessary grasp the 
status the 
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plan and longitudinal elevation (Fig. 12) was plotted daily record 
the dredging proceeded. Similar plans and longitudinal cross-sections 
were used for the delivery the steel and for the progress the riveting and 
the concreting. these plans patch covering that part the 
work which had finished was filled each day, that there was available 
all times chronological record the work and comprehensive picture 
what had been done, and what still remained done. Likewise Fig. 
shows the percentage riveting completed the tunnel days. self- 
explanatory. 


side the tunnel was provided with walkway and rails for pipe 
truck facilitate the handling pipe (Fig.11). The installation addi- 
tional 24-in. mains above the present pipes will require this equipment. 
will noted that there ample room for handling spare pipe, for removing 
sections the present main, and for caulking repairing the pipes. the 
same time there minimum amount waste space. 
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Provision was made for pumping out the “drip” resulting from the 
densation gas the tunnel. mains the tunnel dip toward the 
Works ‘side, which deéper than the other, and contains the drip 


operated hand-pump from the platform level. artificial 
was deemed necessary. 


+15+ 


1+10+¢ 
0+95 


0+90+ 


ng 


June 


Ground Level 
Top Sheathing El, 


Bottom. of Existing Steel S! 


athing €).—37.0 Bottom Of Existing Steel Sheathinp 


Bottom Steel Master Beams 
LONGITUDINAL ELEVATION 


Bottom of Steel Master Beams E1,—56,0 


The tunnel lighted electricity supplied from two separate and distinct 
services, one from the Citizens Works and the other from the Edison electric 
service the 6th Street property the Gas Company the opposite side. 
the entrance the Citizens Works shaft, both feeders are connected 
three-pole double-throw switch, and 4-circuit panel board was installed which 
fed either the electric services, 

The the lights throughout the tunnel and shafts governed 
four switches, two entrance shaft, fed two 
from the panel board. The lights are wired that each set 3-way switches 
controls every other light; thus, fuse should burn out one the 
other circuit will continue supply light. The same precaution 
taken with the Edison services; one should fail the other available, and 
either them could connected the distribution panel boards the 
double-throw switch. This 3-way switch makes possible turn the lights 
off either entrance both shafts. Galvanized hot dipped conduit 
used. The fixtures are the vapor-proof type, consisting outer 
glass globe protected wire guard. 


Top of Existing Steel Sheathing Average El,—14,2 ri 
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fixture the screw-shell parts are connected the grounded neutral 
wire the lighting circuit. this method, if, any time, the screw shells 
should loose and come contact with the metal part the fixture, 
the fixture itself grounded the grounded. neutral, no. are short 
circuit would result. 


the light experience gained the prosecution the work, the follow- 
ing conclusions seem justified: 

the method used constructing this short tunnel was most 
economical, eliminating the use elaborate plant for driving the shield, 
and making possible use cross-section best suited for the purpose; and 

the oval section preferable circular section and ideal for 
this particular work, allowing minimum vertical height, with sufficient 
clearance above and between the pipes, and affording maximum utility for 
the purpose required. 
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FIRE-BANKS FOR OIL 


Discussion* 


practical and constructive piece research which great and immediate 
value not only the petroleum industry, but also safety, fire prevention, 
and insurance interests. The studies made and the conclusions drawn form 
the groundwork for the proper and economic design for permanent fire-wall 
protection containers which crude fuel oil stored. They are par- 
ticularly useful outlining means for modifying existing protective struc- 
tures either permanently, temporarily the event greatly 
increase their effectiveness against boil-overs. 

Well constructed oil storage works develop few leaks must retained 
secondary structures; the careful operation tanks and reservoirs results 
few spills; and, where proper principles design are followed, the 
author states, one may practically disregard the possibility the rupture 
collapse full container. follows that fire-wall protection primarily 
required measure prevent the spread burning oil boil-over occurs 
during fire involving crude fuel oils. 

Although some fire prevention authorities have insisted greater 
capacity, has been the general custom assume that fire-wall structure 
built retain the entire tankage which designed protect will usually 
adequate prevent the spread burning oil case fire. The sole 
criterion has been the quantity fluid which the protective structure will 
safely hold, without regard the form barrier its relative location with 
respect the containers surrounded. Where sufficient gound has been avail- 
able, low earthen embankments with side slopes varying from 
are common fire-walls. The usual field practice the oil industry has been 
build such earthen walls heights ft., and place them from 
100 ft. from the tank enclosed. other locations which tanks must 
spaced more closely, either account operating conditions because the 
restricted areas available, vertical walls masonry concrete are used. Mr. 
Hall’s experiments, short series which was the writer’s privilege 
witness, show clearly the ineffective barrier the progress boil-over wave 


high velocity furnished the ordinary earthen embankment even 
Discussion the paper Hall, Am. Soc. E., continued from September, 
1925, Proceedings. 
Author’s closure. 
Chf. Engr., Union Oil Co. California, Los Angeles, Calif. 
Received the Secretary, October 26, 1925. 
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plain vertical, wall moderate height. Experience with earthen embank- 
ments during tank fires, together with observations some recent fires 

large reservoirs, serves emphasize this fact strongly and point the 

value some device for destroying the energy the wave. 

All the types for ordinary earthen embankments which 
the tests were run are valuable from practical standpoint, although the 
greater effectiveness the low auxiliary wall placed quite close the con- 
tainer, compared with coping the same height placed the top the 
standard embankment, and its relatively shorter length, would seem make 
most desirable. Such walls may. built concrete, tile, brick. 
question whether lighter material than, say, steel plate, used coping, 
will withstand the heat burning oil, especially 
overs occur; and permanent, installations even this material should 
supported posts, making fairly expensive structure. Corrugated galva- 
nized-iron for temporary copings have been proven effective, but the 
writer questions their ability resist the heat successive boil-overs and is, 
therefore, the opinion that their use should confined emergency instal- 
lations suggested the author. Instead plate, sheets heavy 
asbestos board, properly supported, could used. 

The striking value even relatively small coping vertical wall 
appeared the few experiments witnessed the writer. fire-wall this 
type should built without incorporating coping its design. Existing 
fire-walls can readily and quite inexpensively modified, believed, either 
casting concrete coping place, the expedient attaching metal 
plate the top of. the wall, two and (B), Fig. 20. 


Bolt 


Expansion 


place Coping Sides 


design developed the paper are evidently proving interest oil 
companies, several of. which carried the idea further and developed new 
methods for applying their existing fire-walls. also 


Chf. Standard. Oil Co. (California), San Francisco, Calif. 
Received the Secretary, November 1925. 
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ing note that its National Fire Protection Asso- 
ciation, the American Petroleum Institute has endorsed the coped type 
wall. 

Between January and November, 1925, the oil 
any magnitude have been two these were, the 
only two reservoirs the history this industry Pacific that 
have been fired lightning. Although neither these fires served test the 
coped fire-wall idea completely, they both added the knowledge 
subject fire-bank construction. 

first fire occurred night reservoir about one-third 
heavy fuel oil. There was substantial earth dike surrounding this’ struc- 
ture, upon the top which been erected with the intention 
establishing permanent corrugated-iron somewhat similar the 
metal coping top earth walls shown Fig. 15.* ‘The coping been 
delivered the work, none put into place. After 
the fire started about 150 men placed 000 ft. this coping about hours. 
this same another gang about with the aid three tractors 
and fifteen teams, ft. temporary earth wall with metal 
coping. For this work the metal and posts had already been but 
otherwise everything had done after the fire started. 

These serve illustrate the speed which can expected 
under stress fire conditions, and night. recent daylight fire drill, 
gang men erected 150 lin. ft. steel-plate existing 

boil-over occurs, and there are generally large number men available 
for fire-fighting operations, appears that there will practically always 
ample time such temporary copings fire-walls where. they are needed. 
With this view, the company with which the writer connected keeping 
hand various strategic locations stock plates, tie-wires, and 
tools with which erect emergency “steel fire-walls” shown Fig. 21. 
This plan obviates the heavy investment and maintenance charges that would 
required for permanent copings all walls, which Mr. refers. 

Unfortunately for study coped fire-banks, the reservoir just mentioned 
did not boil over violently enough test the coping. However, did boil 
over; and observation the uniformity with which spilled out practi- 
cally all the way around the 600-ft. periphery suggests another form fire- 
bank construction. This the possibility, where reservoirs are concerned, 
directing the boil-over the least dangerous side the container, mak- 
ing the bank the reservoir itself higher the dangerous side. One reservoir 
embodying this principle was built four years ago; and there are now several 
reservoirs with auxiliary fire-banks built top their regular banks along the 
more dangerous side. 

other recent reservoir fire occurred isolated storage there 
was practically danger other property. There was substantial earth 


See 83. 
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dike ranging from ft. high, located about 200 ft. from the toe the 
reservoir slope. The ground sloped gently toward the dike rate about 
ft. per 100 ft. This reservoir contained light crude oil, and boiled over with 
considerable violence, there, were structures below it, effort was 
made erect temporary coping; and boil-over climbed the earth dike 
with apparently little loss evidence simply serves confirm 
the test results and considerable previous experience with walls this type. 

Mr. Shoemaker’s statement* that “to fully effective, the fire-wall must 
placed one diameter from the shell the tank”, line with 
tions made the Committee the American Petroleum Institute, which 
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SECTION A-B ELEVATION C-D LOOKING TOWARD TANK 


Fic. FOR REINFORCING FIRE-WALLS AROUND THAT PART BURNING 
TANK RESERVOIR WHERE SPREAD WOULD ESPECIALLY DANGEROUS. 


was Chairman. This the spacing which was considered ample insure 
safety with all types walls—particularly earthen dikes. congested 
localities use vertical concrete walls; and when such walls 
are substantial will noted from the comparison 
Figs. and that distance only ft. from the tank they will stop 
substantially the same boil-over 100 ft. away—as would required 
strictly following the one diameter rule for large storage tanks. Hence, 
when space limited, would appear that almost much reliance can 
placed heavily vertical walls located ft. from the tank, when 
such walls are farther away. 


May, 1925, Papers and Discussions, 729. 
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THE ST. LAWRENCE WATERWAY THE SEA 
Discussion* 
Gardner Williams, Am. Soc. the fact that the navi- Can 
gation channels through certain reaches have been deepened, and states 
that: 
“Students hydraulics can readily decide whether the deepening Ney 
channels that were between and ft. ft. depth, has has not Buf 
enabled more water flow out the Upper into the Lower Lakes.” 
The paragraph which this statement occurs applies more accurately 
the channels through the Lower Detroit River than any others. The writer 
now charge this improvement and desires lay few 
facts before the members the Society. 
The aggregate width all the natural channels through section selected 
more less typical the reach question was approximately 11000 ft. han 
The improved channels are two number, one being 600 ft. wide and the thei 
other 450 ft. wide, making the combined width the deepened channels the 
1050 ft., about one-tenth the natural width. Part the 
from the improved channels has been carefully distributed such manner can 
obstruct portions the natural channels with view neutralizing cha 
the effect the deepening. The question whether complete compensation 
has been effected one that still under consideration arid measurements 
are made annually supply the data for studying the subject. traf 
The data far accumulated fail demonstrate conclusively any change 
level the Fort Wayne gauge about 10.5 miles above the head the pro 
deepened channels. Any effect that may eventually found Fort Wayne pap 
will necessarily considerably reduced before the lower end Lake Huron 
reached, the intervening length river channels about 38.75 miles. 
Jun. Am. Soo. (by are sho 
several fundamental principles that should considered before embarking Lal 
the improvement any inland waterway. 
Experience has proven that ocean steamships will far inland toward wil 
the center production and industry physical conditions will permit. 
Discussion the paper Francis Shenehon, Am. Soc. E., continued from Gre 
December, 1925, 


Lt.-Col., Corps Engrs., A.; Dist. Engr., Detroit, Mich. 

Received the Secretary, November 17, 1925. 

Proceedings, Am. Soc. E., November, 1925, Papers and Discussions, 1873. 
Designer, with McGregor, Warren, Ariz. 
Received the Secretary, November 21, 1925. 
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examples ports developed the head may cited: 
Philadelphia, the Delaware River; Baltimore, Md., 190 miles 
the Chesapeake Orleans, La., 100 miles the Mississippi; Baton 
Rouge, La., 190 miles the Mississippi; Portland, Ore., 113 miles the 
Willamette River; and Montreal, Que., Canada, 1000 miles the St. 
Lawrence River. 

Recognition this fact the past would have prevented uneconomical 
expenditures such ports Halifax, Nova Scotia, and Montauk Point, 
Long Island. The St. Lawrence Waterway fulfills this condition that will 
permit ocean steamships into territory rich industry and agriculture. 
The fact that such steamships already come Montreal, navigating tortuous 
channel for many preference making Halifax St. John, B., 
Canada, their western terminal, supports this claim. 

Transfer charges are very important consideration and waterway 
economically feasible must cut the number transfers minimum. The 
New York State Barge Canal was built insure the transfer grain 
Buffalo, and New York, Y., and not eliminate them. Because this 
the grain trade has practically disappeared from the canal. The St. Lawrence 
Waterway will eliminate most the existing transfer charges permitting 
boats loaded the head the lakes and proceeding their destination 


without further 


substitute for the St. Lawrence Waterway deep canal across New 
York State has been suggested. Even the immense sum money were 
hand build canal extremely doubtful whether ship owners would risk 
their vessels navigating narrow channel for several hundred miles across 
the State. This project should not seriously considered substitute. The 


proposed St. Lawrence Waterway must not confused with narrow ship 


canal. The author clearly outlines the use dams and pools give wide 
channel for greater part the distance. 

has always puzzled the writer understand why certain group who are 
adverse the Great Lakes-St. Lawrence Waterway, where large freight 
traffic already exists, the same time advocate the expenditures huge sums 
money barge where little traffic exists and where there 
prospect any. nearly every Middle Western news- 
paper will found barge canal the one means 
creating permanent prosperity for their community. not the writer’s 
intention discuss these various projects but merely emphasize that money 
should spent waterways which will used when completed. The Great 
Waterway with ocean traffic Montreal and the large 


existing traffic the lakes can leave doubt but that the proposed waterway 
will used. 


Great Lakes ocean traffic seems inevitable, has nevertheless been under 
diseussion for long time, and there seems enough opposition cer- 
quarters keep “under discussion” for many years longer. 


Received the Secretary, November 27, 1925. 
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The situation somewhat similar that which years 
ago, with respect the Gulf For many there was oppo- 
sition the creation deep-water ports the western part the Gulf, 
The Southwest had only recently been linked other parts the coun- 
try rail. Long rail hauls Eastern ports were desired many interests, 
Nevertheless the improvement Galveston Harbor was actively undertaken 
the early Nineties and was followed the improvement adjacent harbors 
Sabine Pass, Port Arthur, Beaumont, Orange, Bolivar, Texas City, and 
Houston, Tex. 

All these places are relatively near together. Their access the ocean 
Galveston Entrance Sabine Pass. They form the nearest 
ocean outlets for approximately one-fifth the area Continental United States, 
Their commerce and out, foreign and domestic, was very small before these 
harbors were deepened, and was subjected lightering and other. transfer 
charges which none but the most valuable bear. 

record this commerce has been kept the United States Engineer 
Department, and appears the Annual Report the Chief Engineers for 
1924, the record for 1923 being the given. 

Beginning 1898, few years before the first harbor was deepened, and 
listing the annual totals intervals five years discloses that the freight 
passing and out Galveston Entrance and Sabine Pass was follows: 


Short tons. 


The general development the Southwest has had much with this 


great increase, but vice versa this development has chiefly resulted from the 


improvement these harbors. There indication that the commerce 


the Port New York and other Eastern ports has suffered from this devel- 
opment but rather has profited and increased reason it. 


The Great Lakes penetrate into the continent nearly far the west- 


ward the Gulf Mexico, into section greater natural resources than 
the Southwest. Although the North and Middle West have already been exten- 
sively developed, much greater progress possible and their accessibility 
ocean traffic would stimulate this further development. 

New commerce, increasing has that and Sabine Pass, 
expected the Western Lake ports Port Arthur, Duluth, 
Minn., and Chicago, Adjacent territory would develop more intensively, 
and Montreal, New York, and other Eastern ports, together with Canada and 
the United States whole would benefited and not injured result. 
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Opposition this improvement because the fear injuring existing 
business ill-advised. Any development that would directly benefit large 
territory could not fail benefit the continent whole. One such benefit 
not often, mentioned would the, ability build sea-going ships lake 
shipyards. ‘This can done to-day but, with the exception vessels 
the small St. Lawrence Canal size, these lake-built boats have towed 
the seacoast sections and there assembled. Consequently, little such 
work now done the Great Lakes. 

Steel manufactured number points the lakes and there 
advantage haying shipyards the steel mills. With easy egress 
from the lakes for the product the shipyards, would surprising such 
industry did not soon become extensive. 

There would also benefit, Mr. Shenehon points out, lake vessels 
could available for during the winter instead lying idle 
for five months each year. The additional revenue thus obtainable might 
easily pay for such strengthening would adapt these vessels ocean service. 
times, there are demands for additional carriers the ocean, which would 
make such quite profitable. 

unnecessary back further than the dark days the World War, 
when the submarine was its height, recall the demand for vessels 
for ocean service. Old boats, many far less seaworthy than the average lake 
vessel, were pressed into and helped the day. Meanwhile, for 
five months each year, the great fleet lake vessels lay idle, incapable get- 
ting the ocean. Had possible transfér this fleet any large part 
the sea that time probable that the resulting saving would 
have paid the cost River and the Great 
several times over. 

hoped that these conditions will not but they may, and 
would seem advisable next timé ready for them. Where that readi- 
ness will also commercial benefit, would seem wise not 
keep the subject “under indefinitely, but eatly steps 
bring about results. 
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Discussion* 


from disasters than from those that are physically successful. Engineers, like 
physicians and surgeons, become experts operate bad cases. 

The paper emphasizes three important factors successful work, that 
is, design, materials, and supervision. during construction. Dams, even 
the most favorable circumstances, are difficult structures build; and often 
the design has been considered stresses than 
construction problem. Indeed, the design exceedingly important factor, 
for badly designed dam sooner later fail; but not 
sufficient merely design the dam. well—it necessary choose the materials 
best adapted the conditions the locality the work., particular, the 
cement must the highest class and quantities substantially 
excess the theoretical proportions allow for losses and deterioration. 

but, the field, distance from the factory and 
lacking good material, necessary adopt precautions that practice 
can suggest. Consider the case the Gem Lake Dam, The traveled 
over normal railway, narrow-gauge railway, then across lake, and finally 
mountain side. thus became very expensive; and when material 
costly there always the temptation use sparingly. That bad economy. 
Instead, more than the computed quantity should have been used counter- 
balance the inevitable local losses: The wind blows some away, some 
sticks the mixer and the chutes. The best practice use 10% 
more than the theoretical quantity even more than this under especially 
difficult conditions. bad economy make weak concfete; this dearly 
paid for later the cost repairs. 

the builders the Gem Lake Dam had been more generous the 
cement, the concrete would have been less porous, and all the heavy expendi- 
ture remedy this condition would have been avoided. adjunct 


Discussion the paper Fred Dolson and Walter Huber, Members, Am. Soc. 
continued from December, 1925, Proceedings. 
Hon. Pres., State Council Public Works; Insp. Gen. Civ. Engrs.; Prof. Hydr. 
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Senator, Rome, Italy. 


Pape 
sea 
olde 
was 
but 
wen 
this 
and 
wat 
the 
ovel 
but 
can 
eno 
eye 
pen 
kill 
wer 
con 
pro 
fail 


good design, particularly good, cement, and 
excess it, are indispensable for hydraulic work 

necessary precaution thoughtful and conscientious supervision 
the impress these three points more deeply engi- 
younger speaker will instance multiple- 
arch which, height, design, and general dimensions, practically 
reproduction the Gem Lake structure. The failure this dam the Valley 
Gleno, Italy, high the Alps Bergamo, caused immense 
lives and tremendous damage. This dam was built about ft. above 
sea very cold climate and with difficult transportation. 

‘As design the Gleno Dam, although not excellent, was fairly good; but 
the materials were rather bad and the supervision even worse. The work was 
begun during the World War. Cement was scarce and costly because all 
building materials were going the front. Workmen were 
older than younger than years age—and unskilled. Supervision 
was almost completely lacking. The work was mainly under the supervision 
manufacturer, self-made man, exceptionally clever cotton weaver, 
but with little experience construction work. Under him were only ordinary 
workmien charge the construction. The work carried out trusting 
Providence. 

During that time and for few years after war, Italy had very 
cient Government; Socialists, not Communists, easily imposed the 
Government officials, who were powerless. This employer was permitted, there- 
fore, proceed, carrying out this dangerous work without any technically 
competent man advise him. Although Government officials occasionally 
went inspect the progress and reported work should stopped, 
should partly demolished and rebuilt, still nothing was done effectuate 
this. Further, because coal was extremely expensive and difficult obtain 
and because hydro-electric power was the only remedy for the lack coal, 
water was allowed impound behind the dam, produce soon possible 
the energy which, turn, would keep the cotton mill busy and 
provide cloth for soldiers and work for the men home. the war was 
over, little was done remedy this state affairs. 

the many places, some inefficient repairs were made, 
but these did not consumptive condition the whole structure. Then 
came rather heavy storm, almost cloudburst; the spillway was not large 
enough ‘to discharge all the surplus water, which rose behind and nearly 
overtopped the dam. was only question minutes, described 
eye witness, before the dam began crack suddenly burst. This hap- 
pened during the the valley below several hundred people were 
killed and damage estimated 150 000'000 lire ‘was done. Many the 
were drowned their beds. 

result inquest into the and for this terrible 
disaster, some men were imprisoned now have answer for the disgraceful 
condition; but one can resuscitate the drowned, nor compensate for the 
property destroyed. more the point out the reasons for 
failure and thus avoid the mistakes made the Gleno 
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Although its design was questionable, with materials and good 
workmanship, conscientiously controled, the structure might have: but 
the the cement, the the concrete, and badly 
built masonry which allowed water were the main causes the 
failure. ‘In addition, underlying the foundation, 
namely, large mass masonry which blocked the bottom the gorge 
and formed platform which the dam 

poor was the cement block, that ‘allowed pour 
out through the masonry. Worse still, was not means proper 
steps cut out the rock, but was laid top the surface which had 
rubbed smooth glacial action. cut-off trench was provided pre- 
vent leakage and consequent uplift. The only taken were grout 
iron bars into the rock where smooth and thus, one might almost 
say, nail the dam the result all these dangerous 
factors, the percolating water must have exerted an, and 
occurred the masonry must have moved slightly, the their grip, 
and tlie whole structure slid destruction over part the dam. where 
these treacherous Thus, disaster was due primarily 
lack proper and skilled supervision. 

State authorities should always insist the advice and 
petent engineers. The author states that “for such localities Lake 
the rock-fill type has many advantages over dams. other 
dam—the disaster would have been 

Regarding use preparations like the experience 
more than forty- convinces him impossible to. construct 
masonry and absolutely impermeable head than 
will resist the percolation water, stresses due, 
pressure and change temperature, another effect, often 
earth which the structure subject, almost these 
become very small daily tremors, noted only 
foundation, which. stresses that result great 
tion. The structure about 240 ft. height and the 

using special these infinitesimal movements, years, pass, will 
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making the surface impermeable—at least nearly that 
covering the up-stream face with membrane bitumen, now 
with hot form continuous, and absolutely impermeable coating 
over the this sheet from summer heat, floating. logs, 
provided. 

sewers made, with brick, still impermeable 
after The speaker’s belief that the Dam could have been 
fill the Alps, The face this dam has 
nearly ft. the bottom. After twenty-five years this dam 

business, the feel privileged assist them the inspection 


the Gem were both made the same concrete. tle buttresses 
this endured, while the arches failed. The paper seems dem- 

tegrates mot the cement with which made was poor. 
not fully appreciate all the conditions which the process con- 
crete, making ‘involves. speaker free admit, after many 
study, that this great far from final solution. 

1925, the speaker Portland cement with 43% 
weight water and poured part mixture bottle and 
was the cement, specimen formed since been 
bottle was both specimens are here 

they are merely difference curing This 
simple experiment and one which all may profitably try. 

The. first. these.specimens was about the that 
early age, and Nature took its The specimen immediately 
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conditions were such that went completion and 
the resulting texture indicates durable Con- 

Between and the quality specimens there are 


many intermediate kinds texture and Under one condition 


curing, one quality product under other other qual- 
ities result. Some are good, some are indifferent, and some may 
bad. that one structure very good, while another the course 
few years may show serious disintegration: The quality concrete 
not only function the conditions under which was cured, but also 
dependent the conditions subsequent exposure. cured 
all other conditions being the same, will resist almost any exposure. 


partly cured concrete, the conditions exposure, may ‘or may 


‘not prove satisfactory. 

The curing concrete, and particularly that thin sections, is, large 
measure, dependent the weather and moisture conditions during the first 
five six days following its placement. the humidity low, nearly all 


water necessary for the completion reactions will lost, while, 


the air moist water supplied, the hydration the cement proceed 
will resume proof this supposition has been adduced: Such 
first specimen described given plenty water been 
dried out, will never texture résembling the 

the the Gem Lake Dam, all the conditions for rapid out 
were favorable: The high altitude, and the consequent low humidity, 
fatal work withdrawing from those thin the moisture which the 
very the For weeks, and possibly months; that cement 
product was like the first specimen previously 
spongy, chalky, and unstable. could resist solvent effect 
water, and its constituents were leached out. the other hand, that same 
imperfect cement product, the buttresses; served its intended purpose. 
Freezing was not the primary cause this disintegration. Frost 
product always the maintenance environment which 
the cement reactions may complete themselves. Good can realized 
only kept for several days after making, under such conditions will 
insure for the opportunity develop its latent These 
are clearly indicated the experiment which been out- 
lined. 

many cases the treatment after placing 
that abandoning two-day infant fate. State highways has 
been learned that curing one the most important single operations 
entire process making. many however, concrete 
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investigation, the causes disintegration are vainly sought. 

The problem durable concrete the problem durable cement. With 
given cement the are not possible unless that 
cement used with understanding skill workmanship. Cements differ 
among themselves and results which can obtained with one cement are 
impossible with another. The task which confronts twofold: First, 

must learn differentiate cements with respect the quality the hydra- 
tion products they are and, second, must learn how 
use cement given quality the results which any par- 
ticular situation 

Standards measure means convenience and compari- 
son. Standards quality and methods operate suppress individual 
initiative. Standards imply averages, and quality product con- 
sideration they tend toward mediocrity. 

this great matter concrete and cannot rest content 
with averages and with the the problem jis 
within the grasp our understanding must for the 
very best within the present 


for their frank discussion the repair the but- 
tressed arch dam ‘in high Sierras near the State Nevada, south 
Lake Tahoe, California. estimate has been the resultant 
losses sustained the Power due the two 
years failure this function storing water, which losses must have 
amounted excess the cost building properly designed 
dam suited the conditions available materials. is, hoped 
théy will furnish these data before closing the discussion, that frank 

The the design for this type 
structure the date its, construction (1916), and the failure not 
primarily due design features. Its designer, after describing 
was. retained ‘the writer Engineers McIntosh, 
Nishkian, late Mr. Wood designing the Lake Eleanor Dam, ft. 
design for dam resulted several beneficial modifications being 
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The principle controlling dam design and construction térsely 
elucidated George that there must only one 
impervious surface next the water, and that this face must adequately sup- 
and the type 

meaningless design, particular type of. survives, because. 
the buttresses, and the principles for its selection were first described 
should given him for his initiative recommending 

Overtopping the Gem Lake Dam with in. water not severe 
test. The Upper Otay Dam single San Diego County, high, 
built laymen without engineering skill, was topped depth 
without injury. enlarged spillway now prevents 
this happening. 

The sections are thin in, the arch type that 
have the such density that will water-proof, and 
this tan accomplished’ only careful selection and the 
concrete after has been deposited forms. 

The impression the value alleged, water-proofing 

The concrete the Gem Lake Dam failed was defective in, 
was porous, thus allowing the water and, heavy 
frosts and ice formation, permitting. destructive disintegration, 
was the porous? may have been due excess 
granite, mica, dust, and clay the sand, defective cement; Mr, Jewett 
states 


the presence rock used aggregate—which was obtained from 
material near the site the work—[cheaply, which feature should 
not considered construction] thin, flat, smooth-surfaced pieces, 
whieh would have somewhat the same sand 
mortar.” 

rock the mass, and has the density the and 
situation that the experienced mati, with judgment materials, 
needed much the designing the testing laboratory 
determining the character and suitability the used 
structure. 

building the 396 000-cu. yd. concrete dam Hetch Hetchy, the engineers 
had quite controversy with the their initial use 
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readily cheaply sand. tests were made 
samples and from this sand. were found 
and failed show the proper strength and characteristics 
under time tests. analysis subsequently discloséd the fact that 
the sands were heavily coated with black compound which was largely 
acid, (from dense grove trees) and which caused the trouble, 

Three miles stream from the dam, junction Tuolumne River 
and, Rancheria Creek, there was found bank yd.) excellent 
sand which, after some protest contractor’s part (because 
sity building narrow-gauge tailroad reach was used with 


value the ordinary contract system for since the 
speed and. profit; general with writer’s ideas. 
Cherry Diversion, and Priest (145 ft. high) were not built con- 
resident, engineers; and the O’Shaughnessy Dam Hetch Hetchy built 
who faithfully promptly every respect with 
the wishes the resident construction engineer, who staff 

December, 1923, the Gleno Dam (buttressed arch type) failed Italy, 
drowning 500 people and damaging below the extent 000 000. 
doubt, inadequate preparation the foundations, together with defective 
lime masonry and put without, engineering control the over- 
zealous contractor critical parts the structure near the base, without 
Government supervision, caused the accident. 

There now barrage literary experts for and 
claimants mailing reports back and forth the causes and responsibility 
for this failure, with result, namely, that Premier Mussolini and 
the Italian Government are allowing more questionable dams 
any one, and have skilled Government engineers inspect 
all materials and supervise all designs, that there will repetition the 
Gleno Dam 

pleasure note that engineer extensive construction experi- 
ence, such Mr, Huber, endorses the virtues rock-fill dam for this 
location, with its rock, thereby saving expensive 
hauling cement. 

The Morena dam, built under the writer’s direction, survived the 
cloudbursts 1916 San Diego County, California, when the Lower Otay 
Dam failed, when every county and railroad bridge that community 
was destroyed floods. 

The idea the, type dam eastward, crossing the 
Mississippi River, witness the Dix River Dam, 280 ft. high, limestone 


formation, Kentucky, built for the Middle West Utilities Company 


Harza, Am. Soe. E., water for power. 
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Although time and the exigency 1917-18 the City 
now being made for practically scrapping this structure, and substituting the hig’ 
below the present dam, using the ft. concrete buttressed arch for the lower 
part the up-stream toe water-tight skin, and carefully placing 
thoroughly grouting rock layers, with spalls behind the give higher 
them adequate support and prevent their failure. 
The writer would strongly urge all engineers 
Mr. Dillman design; next examine exhaustively all the materials 
the vicinity any proposed dam that might enter into the structure, eliminat- 
ing any cheap untried methods experimenters and scrutinizing carefully 
vendors special cheap types; then select type structure that best 
suited the location and service required, regardless the cost; and then 
Zealand tourist who, illustrate the instability things, was stand This 
broken arch London Bridge and sketch the ruins St. Paul’s (London but 
Bridge and St. Paul’s are now being underpinned due defective foundations this 
both structures, and the work being done British engineers). 
commended for writing frank discussion the failure the Gem Lake the 
Dam due the freezing and thawing the concrete the outer side the pany 
arches below the water levels the reservoir. The use this type dam North 
regions subject severe frost has long been subject conjecture among 6550 
Western engineers. Although thin shell concrete may made water- doubt 
tight against percolation, not possible any process known the 
writer prevent from absorbing water when contact with it. The Gem 4660 
Lake Dam has shown that this unsatisfactory condition, locations witho 
extreme cold. Cana 
The multiple-arch dam because the economy its construction such frost. 
merit that its future use many localities assured. This type struc- arch 
ture, has its limitations which enthusiasts, the past, have some- about 
times overlooked. Most the dams this type have had buttresses plain 
concrete without reinforcement. was 
The writer has had occasion examine buttresses five these conc 
and each has found one more diagonal cracks some the the 
starting from the junction with the arch approximately two-thirds down from ft. 
the top the dam, and running line generally normal the water 
face intersection the foundation. These cracks not extend into pure 
the reinforced arch rings. one dam this type crack developed prior 
the time that the arch rings were built the buttresses. another gene 
instance the cracks are reported have appeared after the arch rings were used 
placed, but before the reservoir was filled. They are believed the writer 
due shrinkage caused either the drying the concrete tem- 
Cons. Hydr. Engr., Los Angeles, Calif. 
Received the Secretary, November 10, 1925. 
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ft. high, with base length 100 ft. firmly anchored into without 
having shrinkage cracks occur. This shrinkage and cracking flat concrete 
pavements intervals ft. common. These cracks not occur 
all the buttresses the dams examined, but usually number the 
higher ones, Some cracks this kind have been noticed, however, but- 
that are not more than ft. high. every multiple-arch dam 
having age of, say, two years, that has been examined the writer, such 
cracks have been found, one having reinforcement. 

believed that these cracks not indicate failure any serious 
weakness the structure, but they are disturbing and lead discussion and 
comment. They distinctly suggest the necessity thoroughly reinforcing the 
buttress walls multiple-arch dams order minimize such 
This paper does not mention any such the Gem Lake Dam, 
but attention has been ealled the authors some the limitations 
this type structure, deemed appropriate attention also 
improvement practice. 


Jun. Am. (by writer has followed 
the fortune the Gem Lake Dam great deal interest. The Com- 
pany with which associated has plans for two regulating dams the 
North Fork Kings River the west side the Sierras, elevations 
6550 ft. and 8170 ft. The failure the Gem Lake and other dams leaves 
doubt the minds engineers the permanency such structures when 
subject the action frost and ice. the other hand, Lake Eleanor 
4660 ft. above sea-level, the multiple-arch type, has withstood frost action 
without damage, and several dams the Ambursen type have been built 
Canada and the northern part the United States with slight damage from 
The Edison Company constructing multiple- 
arch dam Florence Lake the San Joaquin River, elevation 
about ft. 

One wonders whether the primary cause the failure Gem Lake Dam 
was frost action whether frost action was made possible weak porous 
concrete. would have been interest the authors had stated whether 
the Lake Agnew Dam had also been damaged frost, since only 550 
ft. lower elevation. 

Since information the destruction concrete acidic and even 
pure water very meager, some discussion that important subject may 
value. While Europe 1922-23 the writer was much impressed the 
general interest among this subject. Many tests 
used the construction dams, have been made Germany, Denmark, and 


San Joaquin Light Power Corporation, Fresno, Calif. 
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Norway, during the few found that some,dams, had been 
failures, but rule these failures had been purely local 
other cases the weakening had been. more general, especially where water had 
opportunity work porous concrete. There are several factors which 
were thought have contributed these failures. 

make poor Concrete made with humus-holding has com- 
low early strength and must kept moist while hardening order 
gain its normal These humus materials can disposed 
heating, and, part, The sand used should clean, sharp, and 
well-graded. Whenever crushed artificial sand available can 
cheaply enough should used. 

many cases was found that cement was 
almost, all concrete construction only pure Portland’ used. 
clay and smaller parts iron oxide magnesia sulphuric 
(SO,), hardening after hydration lime which, 

together with water, forms lime hydrate this comprisés about 
15% weight the cement’s mass. Lime soluble water and 
the structure. the dissolution.of lime hydrate the 
becomes porous and the voids, are water,, When 
freezing takes place, the sand grains dissolution 
takes place most easily when the mixture lean and humic acid 
present the water the sand. Dissolution the lime may, 
yented adding to. the concrete mixture material which, reacting with, the 
pose, the Germans use trass. This pale yellow, gray rock found 
the valley the Eifel the Lower Rhine. isa neutral material, 

but with lime undergoes chemical combination, forming insoluble silicate 
lime. Finely ground brick clay has also been used with good 


conerete may made water-tight using rich cement 


this method. The French alumina cement, which especially rich 
clay (Al containing very durable against acids. 
3.—Water.—Water. for concrete must clean and free from organic 
matter. From tests has been proven that plastic concrete 
results than.a dry mixture. mixture less Porous 
—The fourth factor concrete placing 
ship. This must high insure the proper mixing and Poor 
workmen can produce poor results, with the best materials, 
The natural lakes and meadows the slope the 
Mountains are, effect, marshes. great extent they are glacial origin. 
many cases large tracts meadow marshy ground are covered water 


Ing. Bonde, Teknisk No. 14, April 1925, Ing. 
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when dam constructed. Many tests, especially Germany, have been 
made these marsh waters. 

Most marshes contain more less sulphur compounds, the form 
gypsum, sulphuric pyrite, sulphuric. acid, well known that 
acid and sulphate-holding water attack concrete combining: with 
the lime form gypsum, Destruction these sulphuric 
acid combinations occurs not only new but old concrete. 

Furthermore, great quantities are found marshes, which 
combines with the lime concrete form soluble salts. The free lime 
thus seen the main point attack and, prevent failure the con- 
creté, the lime must Tests marsh water have given varying results 
but ‘concrete made with become weakened later nearly all 
cases. general rule the acids which may present reservoir will 
dilute state and will not but, where there are large 
marshy tracts near the dam, and especially with low-water level the reser- 


not only the sulphate and holding water which damages concrete. 


power, may act equally effectively weak The water from the granite 
regions near the crest the Sierras will nearly pure. 

general, concrete tests ate concerned only with'strength without regard 
density, but dams density very dense concrete made 
the attack both from and from pure 

Many flat- deck dams been ‘successful Norway 
and One the important these Holmevand Dam, A/S 
type, and 740 (2400 ft.) above sea Dam, Central 
Norway, north Trondhjem, also flat-deck dam. ‘As ‘protection against 
action, was provided with vertical insulating wall between the but- 
tresses down-stream side. Porjus Dam; Sweden, above 
remainder the earth embankments with stone. The 


dam and consists concrete atches between concrete buttresses. The arches 
front, which the fill rests, have curved exterior, while those form- 
ing the crest the dam and the down-stream face are covered flat 
concrete deck stone set the mortar. 

concrete dams, but secondary, factor can damage. 


Under certain circumstances, pure water, account its high dissolving 


furthermore, has been placed the dam insure against leakage, 
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THE IMPROVED VENTURI FLUME 


Discussion* 


this device quoted the author, and the first America which the writer 
aware, the paper Mr. Cone, published 1917.§ the Panjab, 
use the device was initiated the late Messrs. Stoddard and Harvey 
the Irrigation Department some time before 1914. 

The with which the device was primarily developed the Panjab, 
was control; that is, secure constant relation between discharge and water 
level above the device, with only small drop level through it. Calibration 
and precise knowledge the discharge passing were course also 

The writer wished extend the use the device and use Venturi 
flume, that is, measure discharge means gauge readings the throat 
well stream. correspondence, Clemens Herschel, Past-President, 
Am. E., recorded the opinion that this was not really practicable; the 
writer soon came agree with him. The attempt develop the Venturi flume 
was still proceeding America. avoid the confusion that arose over 
applying that name the “control section” use the device, the name, 
“Standing Wave Flume”, was originated instead. would appear that part 
the improvement described Mr. Parshall omit the use the throat 
gauge except show when there enough drop water surface avoid 
damping the maximum discharge. 

remarked that the principles are the same whether the 
“control section” produced constricting the width the channel, 
raising hump weir the bed, both combination. 

The workers this form device are divided into two schools. One school 
starts with design weir flume that convenient build, and that 
effective control, and then calibrates The other school 
argues that the well-known broad-crest weir formula generally ascribed 
Unwin entails definite physical condition flow, that any departure from the 
rates discharge given that formula indicates uncertainty: 
flow, and that the best course determine the limits form that the work 
must satisfy order discharge according that formula. The former 
school produces new formula (as does this paper) for every new shape tested; 
the latter claim that each such formula uncertain application out- 


Discussion the paper Ralph Parshall, Affiliate, Am. Soc. E., continued from 
December, 1925, Proceedings. 


Executive Engr., Indian Public Works Dept., Panjab Irrig. Branch, Care, Messrs. 
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range the which based, and that they can build 
structure any size which will discharge correctly. 

Unfortunately, those who have done the most work this device 
have not placed their facts and views record. The writer has made 
attempt the gap the course technical paper;* certain amount 
data found more accessibly discussion that con- 
tributed another paper that bears the does 
repeat the whole matter here, but only outline the main points, leaving those 
who are sufficiently interested read the original. 

The limits shape have been ascertained, which broad-crest weir must 
satisfy discharge according the broad-crest formula. are quoted 
from structures built for discharges 000 cu. ft. per sec. and ft. 
depth the crest. Subject few limitations and conditions that will 
obvious to. practical hydraulicians, and way impair the practical utility 
the works, they are probably correct within about per cent. not 
built effect any recovery head.are independent fluctuations down- 
stream levels long the drop does not fall short one-third the depth 
the crest. Those built work with less head are thus independent long 
the drop does not fall short one-sixth the depth the crest for small 
structures, while the fraction may shown even smaller for larger works. 

rational weir formula. also given (due Mr. Crump the 
Panjab Irrigation Department), which indicates the manner which many 
weirs and flumes discharge more than the broad-crest formula. 

Such weirs and flumes small scale, and orifices similarly made 
discharge they had free falls, are now being largely used Indian 
irrigation eliminate manual and secure automatically correct dis- 
tribution irrigation supplies. This subject fully dealt with another 
technical paper the which also gives full bibliography the 
subject. 

Mr. Parshall’s paper, accuracy claimed for the device 
described. Greater accuracy not likely achieved long angles are 
the sides and floor. These relatively loose limits also probably 
cover certain amount dependence the fluctuation down-stream levels. 
the only ohgervation which the necessary data are reported, the limit for 
independence occurred with 0.19-ft. fall for 0.86-ft. depth crest, 
fraction two-ninths, only little better than the Panjab form without 
attempting recover the head. The writer considers the position for taking 
the throat head unsatisfactory; fact, the essence objections Venturi 
flume that throat gauges are unreliable unless the fall quite small. The 
reasons for this are fairly even from theory. 

The exponent the formula, given the paper 0.026,§ would 


“Canal Falls and Their Use Panjab Eng. Congress, 1925. 


“Measurements Over Rock-Faced Dam”, Minutes Proceedings, Inst. 
E., Paper No. 4515, 1924. 


“The Application Irrigation”, Panjab Eng: Congress, 1923. 
Proceedings, Am. September, 1925, Papers and Discussions, 1342. 
Loc. cit., 1348. 
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than 1.52, and that the exponent 

The coefficient, 4.0, formula surprising. rational 
formula, previously alluded to; indicates maximum possible 4.18: 
some tests with small weirs intended give the greatest possible coefficients, 
the writer was unable find one greater than séems the 
largest. value given late Hamilton Smith, Am. 

data are included. 


accurately the flow water irrigation other open channels has 
long been needed and that fact well appreciated those who have ever 
individual consumers. 

Mr. Parshall’s paper opens the way for measurements flow 
within reasonable degree accuracy and hoped that future exper- 
iments will extend the those presented ‘to include wider channels, 
greater depth flow, and larger rates discharge. 

Believing that the author’s formulat for discharge, 


from the exponent H,, the data presented have been studied with this view 
and the formula, 


has been deduced. The writer believes that this gives that 
are fully close the actual discharges that author for the sizes 
flumes and quantities discharge shown. 

Using this formula, Table has been recomputed shown Table 
Only ten items show deviations greater than the author’s formula, 
which only one varies more from the actual quantity discharged. 
The thirty-eight items show deviations than 
author’s formula. 

the percentages show (Table that 75% 
the quantities, using the are within 
observed quantities and that 96% vary less than from 
tities. 

Although the 1-ft., ft., and 8-ft. show 
low 0.20 ft., the 4-ft., 6-ft., and 8-ft. not show discharges for 
heads lower than order compare the two formulas for heads 
lower than 1.0 have been giving the results 
shown Table 

Received the Secretary, November 16, 1925. 
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TABI 
Test 
6707 
6703 
6667 
6695 
6694 
6710 
6689 
6686 
6675 
6646 
6631 
6606 
6607 
6612 
6579 
6528 
6520 
6556 
6514 
6553 
6561 
6563 
6544 
6572 
6408 
6398 
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Calculated|Difference 
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6699. 
6710 
6646 
6687 
6638 = 
6631 
6607 
6612 
6579 
6514 
6553 
6563. 
6544 
6572 
6408 
6347 40.20 +1.4 
49.51 47.84 2.17 
6840 50.07 50.00 —0.07 
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TABLE 3.—( Continued.) 


Observed 


feet per 
gence. feet per Carter Parshall 
6313 1.064 0.774 35.08 34.44 —1.8 0.8 
6304 1.246 0.871 69.9 45.12 44.15 —0.97 1.0 
6805 1.270 0.987 45.41 0.18 0.4 3.8 


TABLE 4.—Comparison FROM OBSERVED 


PERCENTAGE DEVIATION. partia 
Percentage deviation. 
Carter formula. Parshall formula. 
New 
Wach 
Roche 
TABLE 5.—Comparison ror Low Heaps 
Sweet 
ComPuTED DISCHARGE, CuBIC FEET PER SECOND. Percentage 
idth variation. 
(1) (2) (3) (4) (6) 
0.20 1.27 1,24 
0:20 2.41 2.48 2.9 fined 
study based the complete record experiments for all the flumes 
might show that slight change the constant exponent could used 


advantage, but from the foregoing, the writer would expect that the formula, the 


would give results well within actual discharges for all sizes flumes 
and heads within the scope the experiments. 
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SIDE CHANNEL SPILLWAYS: 
HYDRAULIC THEORY, FACTORS, AND 
EXPERIMENTAL DETERMINATION LOSSES 


Discussion* 


Messrs. Gurmann anp WILEY 


partial list dams with spillways the type discussed Mr. Hinds’ paper: 


Date 

construction. construction. 
Solingen, Germany Ashokan, New York City Water 
New, Croton, New York City Mauer, 1912 
Wachusett, Boston, Mass., Moehne, Germany............ 


Rochebut, 1909 Cedar Seattle, Wash., 


Cold Springs, Oregon....... 1910 Water 1915 
Conconully, Washington....... 1910 Morena, San Diego, 
Croton Falls, New York City Water 


Sweetwater, San Diego, Calif., 
Water Supply...... 1911 


This list shows that the side channel type spillway extensively used 
the United States well Europe. fact, usually the most 
appealing solution cases where the dam site canyon and properly 
located saddle the rim the reservoir not available. 

Mr. Hinds’ paper presents, far the writer knows, the first. systematic 
analysis this subject American technical literature. The paper con- 
fined principally the analysis one characteristic flow side channel 
spillways, namely, that the total discharge any section linear function 
the distance, from the head the channel or, mathematical terms, 
ba. 

may stated that the type discharge expressed this equation 
not characteristic side channel spillways only. general, applies also 
the discharge drain passing through uniformly porous soil, infiltra- 
tion gallery through uniform gravel, etc., and changing its sign read, 
will give the equation flow channel subject uniform 
seepage losses. 


Discussion the paper Julian Hinds, Am. E., continued from December, 
1925, Proceedings. 


With Wiggin, Cons. Engr., New York, 
Received the Secretary, November 1925. 
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Some the specific and very perturbing problems the design side 
channel spillways are not discussed Mr. Hinds’ paper. The writer has 
mind particularly the phenomena caused the change direction flow 
spillway channel, the extent the ‘effective area the spillway channel, 
hydraulic jump, and other phenomena ‘arising from the change direction 
flow. 


The writer wishes call attention oversight the preamble 
Equation (17),* equal the case rectangular channels and, 


therefore, Equations (17) and (18)* will hold only for channels that, cross- 
section. 


complete and the hydraulics the side channel 
that have been used number important dams. 

Often the spillway the most difficult part dam one 
the most expensive construct. The side channel spillway, Mr. Hinds 
correctly states, best suited for moderate discharges, but has been used 
for flood discharges sec-ft. Unless the protected channel extended 
deliver the water back into the river, concentration large 
volume comparatively with the resulting high velocities, 
May cause extensive erosion the which disturb the flow 
below the dam. The channels the Arrowrock and the Don Pedro Spillways 
both end few hundred feet below the dam vertical drop over the unpro- 
tected canyon slopes from which the water finds its own way back into the 
river. 
The formation Arrowrock the end the channel rather soft 
granite. The erosion was quite rapid the resulting deposits caused 
local rise the river bed. created vertical fall the end the 
lined channel from which the discharge flows an’ eroded channel which 
joins the river several hundred the toe the dam. conditions 
are stabilized for ordinary flood conditions, and future erosions for 
extreme flood discharges will negligible. 

the Don Pedro Dam, where the drop from the reservoir surface 
river below the dam about 275 ft., the rock hard diorite with many 
surface seains. first there was quite extensive erosion the large blocks 
seamy surface rock with discharge 000 the deposit which 
the channel caused rise about ft. the back-water the dam. 
this case, the Arrowrock Dam, the conditions soon became stabilized 
and further erosion will negligible for ordinary flood discharges. 


Cons. Hydr. Engr., Boise, Idaho. 
Received the Secretary, November 28, 1925. 
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flow, the off through the regulated discharge 

the beginning, perhaps, 500 ft. above the dam ‘is 
when the dam, is, the the Don Pedro Dam, 
ft. wide and ft. deep. Concrete lining necessary avoid erosion 
the high velocities obtaining, but the cost the thickness required resist the 
full upward pressure from the reservoir prohibitive and dependence must 
placed under-drainage carry off the water that finds its way through 
the seams the rock, the quantity which uncertain. the Don Pedro 
Spillway channel, part the floor was raised the excess the under- 
pressure over the relief provided. The concrete lining was replaced and about 
450 bbl. cement were used pressure grouting the rock floor the channel 
although was from ft. below the surface the rock excavation. 

many cases the safest and cheapest spillway directly over the top 
the dam. This form embodied the design the Melones constant 
radius arch dam, 200 ft. high above the river level, and now under construction. 
many storage dams, important source revenue found the devel- 
opment water power from the flow regulated for irrigation. this 
“seasonal” power, must cheaply developed view its low market 
value. The lowest development cost usually results from building the power 
plant directly the toe the dam, the Don Pedro Dam. the Ex- 
chequer Dam, now nearing completion, where the river raised 325 ft. above 
its old level, the power plant built the river channel the down-stream 
toe. modification the side channel spillway made converting each 
end the regular gravity type dam into overflow section. These two over- 
flow sections take the place the single long lip, weir, above the dam which 
feeds the ordinary type spillway channel. The discharge from each the 
overflow sections the dam carried concrete-lined channel, symmet- 
located either side the canyon, leaving the toe the dam the 
end the overflow section and discharging into the river down stream 
the power house. 

Instead determining the hydraulics the spillway channel the 
method outlined Mr. Hinds, the writer has been accustomed use much 
less direct method; instead adopting the most economical shape, has 
used broader and shallower section which the velocities are low 
and the danger uplift under the floor reduced. 

Starting with considerable submergence the spillway lip the upper 
end, assumed velocities and bottom widths are adopted, increasing regular 
increments along the spillway section the channel. Using assumed side 
slopes the depth any point calculated for the quantity water the 
point with the assumed velocity. The fall water surface necessary give 
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the assumed velocity found considering that the velocity the first 
any two successive points reduced the second point the same pro- 
portion that the first point the discharge the first point that 
the second point. The head required increase the velocity thus reduced 
the required velocity the second point plus the sum the velocity 
heads and friction heads the first point plus the friction head the 
two then gives the total fall water surface the second the 
two provide for the increase volume entrained air and for 
losses caused shock and eddies, arbitrary addition 25% made 
the required flood 
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PERMISSIBLE CANAL VELOCITIES 


Discussion* 


tinction which the authors make between canals carrying colloidal matter and 
those carrying only clear water materials not colloidal nature one 
especial value and itself warrants all the efforts spent gathering and 
interpreting the data. 

Consideration the effect infiltration colloidal matter into the sides 
and bottoms canals has been disregarded too many times the develop- 
ment irrigation projects the Southwest. Equally unfortunate has been 
the experience those familiar only with canals carrying colloidal material 
when they are called design irrigation works for other conditions. 
the writer’s experience has been very largely with irrigation canals served from 
silty rivers, will limit his discussion this particular phase canal 
velocities. 

While the conditions found Mr. Kennedy Northern India 
probably are considerably different from those America, would seem that 
dismissing his conclusions fallacious, the authors have overlooked the fact 
that any relation found reasonably ‘applicable there should likewise, when 
properly modified, reasonably applicable canals those parts the 
United States that have conditions generally similar Northern 
India; furthermore, that the so-called critical velocity really not single 
velocity but rather range velocities between which silting nor 
scouring will 

Where the material being transported the water canals not colloidal 
nature the range velocity between which silting will cease and scouring 
begin will become smaller the particles comprising the bed the channel 
approximate the size the particles carried suspension. practically 
all cases, however, the bed the channel composed either colloidal 
material particles materially larger than those carried suspension. 
Consequently, should obvious that velocity which will not cause silting 
need not cause scour erosion. 

While the relation proposed Mr. Kennedy, that the velocity should 
proportional the 0.64 power the depth, would applicable only rare 


Discussion the paper Samuel Fortier and Fred Scobey, Members, Am. 
E., continued from December, Proceedings. 
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instances, nevertheless there must exist any channel relation between the 
depth and the permissible velocity. generally recognized irrigation 
projects where silty water must handled that deep channel far more 
apt silt than channel having equal mean velocity but less depth. 
This recognition project took form that the 
depth should the bottom width. this “rule-of- 
thumb” will show that when the hydraulic characteris- 
ties will such, under ordinary that the velocity will also 
increase. other projects, attempts have been made follow Kennedy’s rule 


river into two large canals similar capacity and equal area, 


one which is, however, twice the depth the other, will seen that con- 
sideration must given this factor depth. the head channel 
the same quantity silt present all times. The sides most artificial 
channels carrying silty water are rather steep, consequently the bottom width 
these canals must approximately the ratio furthermore, the 
bottom width will large percentage the wetted perimeter. 

order prevent this silt from falling the force gravity ‘the 
bed either channel, eddies. must created raise the silt toward the sur- 
face. About the same number eddies equal intensity would required 
keep the silt the deeper channel from settling the bottom. would 
required the broader and shallower channel. the deeper channel only 
one-half the width the shallower channel, there would have about twice 
many eddies per unit wetted area, the eddies would double 
intensity order maintain: the suspension. These eddies can only 
created the energy the water contact with the channel, 
consequently, order develop twice the number eddies eddies double 
intensity over equal area, it. necessary, to, increase the 
the the.depth the channel increased. 

Although the most efficient hydraulic section that the 

width roughly equal to, the depth, naturally forms such channel, 
the tendency being quite opposite that the bottom width.is usually from 
even 100 times the Rivers carrying between 
banks unstable material naturally themselves to.a cross-section 
which local silting scouring will occur the velocity fairly 
constant. such streams will soon the river 
maintain the tendency suspended matter and 
the tendency erode material from the bed the channel. As. the river 
recedes the channel gradually refills again reached some 
low stage. 

illustration the effect depth the silt-carrying capacity stream. 
Fig. shown the actual relations between depth and velocity, ‘and 
depth and percentage silt the Colorado Yuma, Ariz. will 
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‘pension also tapidly, but when the ‘velocity becomes approximately 
constant, the percentage silt steadily decreases the depth increases. When 
mean depth about ft. the silt normally: about but 
the depth ft. the silt content only mean 
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RELATION BETWEEN 
MEAN DEPTHS 
COLORADO RIVER. YUMA, ARIZONA 
‘NOTE: These curves are based on about 3000 ~ 


Measurements at tne Yuma Gauging Station, taken 
when there was no Flow tn the Gila River 


Mean Depth 


Conversely, silting artificial channels avoided, the percentage 
suspended carried must held constant, hence the 
mean velocity must accord with some increasing function the depth 
the channel. Since bottom scour cannot take place except velocities 
than non-silting consideration must given the depth 
which the canal will normally otherwise the maximum velocity 
considered safe against scouring might insufficient prevent 
the deep canals required carry very large quantities. pointed 
out the authors, bank scour little consequence due the berm which 
naturally forms. 
will continue their studies effect depth 
silting irrigation channels. 
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commended the able manner which they have presented the subject and 
their conclusions. 

appears that the table permissible velocities submitted the 
somewhat conservative. This due, possibly, the fact that his experi- 

ence has been largely the construction irrigation works and the opera- 
tion such works only during the first year two. His observation has been 
that new canals and laterals earth will sustain without scour only com- 
paratively low velocity; that pure sand banks will wash quite readily; and that 
shales containing excessive quantity alkaline salts will erode much more 
easily than those having little none. 

seasoning new canals good plan aliow the first water turned 
run only short time. The wetting the canal will cause the banks 
settle and become more compact and not allowing the water run too 
long the start, the finer particles the soil will remain and tend cement 
the material dries. Thus, the banks will become set, were. 
also desirable, stated the authors, “check back” muddy water the 
canal allowing the silt deposited, thus aiding cementing the banks 
and making them more resistant and seepage. 

known, stated the paper, “that well-seasoned canals will 
stand much higher velocities than new ones”. Therefore, where sufficient 
grade available, canals should designed for the highest velocities the 
materials will stand after several years operation, taking into account the 
probability self-riprapping and also silting either natural silt carried 
into the canal the water supply or, where the latter deficient, sluicing 
fine material into the water, other means. the velocities are too high, 
particularly during the first few years, they can controlled checks placed 
suitable locations, drops turnouts the canal. 

often essential locate canals that much land possible 
supplied with water, which case the engineer confronted with the question 
the minimum allowable velocity rather than the maximum. This, course, 
presumes thorough study costs larger canals, and the position and 
elevation the intake, the latter often being rather definitely fixed because 
controlling topography. 

The writer feels that the authors have handled the subject ably and desires 
express his accord with their views. 


Kennedy formula for critical velocities, but what said gives the impression 
that the original paper has not been fully understood; and shows inclin- 
ation generalize even outside the field that Kennedy only glanced ten- 
tatively. 

Los Angeles, Calif. 

Received the Secretary, October 27, 1925, 
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Twenty years elapsed before any concrete attempt was made advance 
from Kennedy’s pioneer work. few Panjab papers* various 


the problem have been attacked, and matters pertinent the pres- 
are given. the course these papers and the ensuing dis- 


cussions, reference made the work known the East. 


Am. Soo. (by letter).t—The excellent report 
the subject permissible canal velocities prompts the following supplementary 
comment. The determination the most suitable canal velocities asso- 
ciated with numerous difficulties, chief which are: 


abrupt and often frequent variation the material through which 
the canal section must built; 


uncertainties attending the selection the proper coefficients 


friction factors the design the canals; and 


fluctuations demand, progressive and seasonal, which the 
system should adequately provide. 


The first these difficulties perhaps best met attempting obtain 
some suitable velocity adapted the general average conditions the 
locality, the use the proper corrective measures unfore- 
seen difficulties develop later the use the system. Sometimes Nature 
will assist shaping the canal bed meet needs where such adjust- 
ment made possible. Thus, the case part the Interstate Canal 
the North Platte Project extending through about four miles shifting dune 
sands, the section the channel changed itself from bottom width ft. 
and water depth ft. width approximately ft., with corre- 
sponding reduction depth and slackening the velocity until the section 
became stable without further widening and erosion. 

the second difficulty, the growth grasses and willows along the 
water edge the channel may abundant interfere materially with 
the velocity flow unless this vegetation frequently removed with corre- 
sponding the cost maintenance; the other hand, the velocity 
may greater than expected reason friction factor less than that 
assumed the design the canal. velocity the Inter- 
state Canal have indicated value Kutter’s formula generally less than 
0.020 and, some instances, low 0.017, whereas the design the 
the coefficient 0.025. was The result this was that erosion started 
immediately when the canal was put into operation, times with serious 
consequences. addition, its discharge was only about two-thirds its rated 
capacity. The immediate effect the excess velocity was the development 
sand-boils the canal bed, the outside curves, which were followed 
the rapid undermining and destruction the adjacent canal bank. This 
more serious the larger canals, because the relatively greater 


“The Design Head Regulators,” and two other papers, Panjab Eng. Congress, 1916; 
Panjab Eng. Congress, 1919; and Sections Kennedy 
Channels”, Panjab Irrigation Review, 1925. 
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the canal bed, which served velocities and proved 
almost indispensable regulating the diversions from ‘the 

The third difficulty, namely, the fluctuation for, which 
conditions which may the period development any system. 
such development proceeds slowly account of, agricultural depression 
other causes, the system may only partly used for several years. There 
are also seasonal variations the use any canal system which are espe- 
cially notable the Northern latitudes, and bring about sharp rise 
the during June, more often July, according 
local weather conditions and the variety crops predominating. 

the observations ‘made North Platte Project the fol- 
lowing conclusions have been reached: 

With the fine silt coating resulting from the use the muddy waters 
from the direct flow Platte the value Kutter’s formula 
should not exceed 0.020, the smaller canals distributaries 
which the growth long grasses and willows along the water edge may ob- 
struct the velocity the water considerable extent, thereby necessitating 
more frequent cleanings and consequent larger expense for the proper main- 
tenance the system: Similar and more serious obstructions may result 
from the growth clear water noted the paper. 
reasons the use the larger friction factor, 0.025 
the design these smaller ‘canals. 

(b) Owing the frequent changes the structure the soil through 
which these canals had built, best attempt obtain some 
suitable average friction coefficient and resultant velocity. 
the larger velocities ranging from 2.50 per were sought 
and the distributaries, velocities about 0.5 ft. per sec. greater. 

all cases the best ultimate results were obtained the use check 
structures the canals, and distributaries, these serving the dual purpose 
controlling velocities and facilitating the regulation diversions, was found 
be, practically impossible perform these functions without, check struc- 
tures.. this means provision was made for these uncertain 
conditions which could advance the and 
operation canals. 

method closure, preferably check planks, any part which 
removed to, the, fluctuations use demands incident 
canal velocities such found desirable during certain periods, when 
necessary sluice after the canal has become 
seasoned, when, reasons, desired maintain these, struc- 
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(e) usually desirable adopt velocity somewhat excess the 
ultimate rate required because after some period use the growth obstruct- 
ing grasses and willows may cause considerable retardation the flow, 
embarrassing shortages capacity, and additional cost maintenance the 
system. This that reasonable capacity the design 
maintenance given due consideration. 


The range velocities indicated Table appears well appli- 
cable all cases with which the writer has come contact. There are occa- 
sional instancés where may desirable avoid the higher velocities 
order induce the deposition silt for the purpose reducing percolation 
losses. 
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THE ORADELL DAM 
THE HACKENSACK WATER COMPANY 


Discussion* 


Sruart Knox,+ Am. Soo. would difficult add anything 
importance the clear description the design given Mr. Hill. 

The most interesting part the Oradell Dam the spillway, which extends 
throughout the greater part its length. This earthen section pro- 
tected its down-stream side concrete envelope, that may over- 
topped without injury. this concrete envelope with its support round 
piles and its steel sheet-pile cut-off, which constitutes the novel feature the 
design. 

When the plans for the dam were prepared, about fifteen years ago, the 
ideas were supplied Mr. Hill. The speaker’s function was merely that 
developing the author’s notions and working out details. recalls that 
when this particular idea was suggested, did not, first, appeal him. 
His first impression the proposed construction was that reinforced con- 
crete dam perched stilts, somewhat precarious position; buttressed 
dam turned hindside before. feared the difficulty insuring the struc- 
ture against undermining, and that its purpose would thereby defeated. 

However, these unfavorable first impressions were quickly removed after 
detailed analysis had demonstrated the practicability the construction 
proposed. After careful examination the stresses and the resultant 
forces which the dam would subjected under the most extreme condi- 
tions loading that could imagined, became convinced that the design 
represented intelligent and effective solution really difficult problem, 
and that his opinion present. 

The actual conditions loading which the concrete envelope would 
subjected were unusually difficult predetermine. Three four conditions 
were assumed, therefore, which was thought represented the greatest possible 
extremes. The stresses and resultant forces were computed the assumption 
that the full water pressure had been applied the concrete envelope 
without any earth fill; condition which might conceivably have arisen after 
the concrete envelope had been completed and before the back-fill had been 
placed. They were also computed the basis the back-fill having been 
placed before the water pressure was applied. Sets calculations were made 


This discussion (of the paper Nicholas Hill, Am. Soc. E., published 
October, 1925, Proceedings and presented the meeting November 1925), printed 
Proceedings order that the views expressed may brought before all members for 
further discussion. 


(Nicholas Hill, Jr.), New York, 
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sure the bottom the concrete envelope. 
The stresses were graphically and finally were carefully 
checked analytically. The resultant under each the various 


assumed conditions loading cut the the close its 
center. 


State New Jersey passed law (Chapter 243, 1912) authorizing’ the 
State Water Supply Commission have supervision over the erection and 
maintenance dams certain rivers and reservoirs within the 
State between and any other State, order protect life and property 
which might endangered the improper construction any dam and 
reservoir. 1916, the Board Conservation and Development became the 
successor the Commission. Hydraulic Engineer the Department the 
writer was called examine the plans for the Oradell Dam the Hack- 
ensack River. 

account the unique design and the the structure, the 
Board appointed committee experts, consisting William Burr, 
Am. Soc. Arthur Pratt, Am. Soc. E., and the writer, exam- 
ine the plans and specifications and determine whether they were accord 
with good engineering practice. the credit the author and his 
associates that the Committee Experts found little criticize the 
plans for the structure. ‘After careful consideration the foundation mate- 
rials immediately beneath the concrete envelope, the Committee recommended 
that protecting paving below the spillway and sluice-gate sections extended 
farther down stream order protect the structure against scouring the 
unconsolidated materials which rested. was also pointed out that, 
inasmuch the sluice-gate section was designed handle large part 
the flood waters, the gates must have adequate attendance insure that they 
may opened promptly and ice and débris which 
might cause plugging the openings fouling the gate mechanism. 

checking the capacity the sluice-gates and spillway pass extreme 
floods, rate 100 sec-ft. per sq. mile was considered. With this assumption 
the head the spillway with all open would about 2.2 ft. 
Although this head 1.2 ft. higher than that assumed the author the dam 
can safely sustain such flow with all the gates open. The author bases his 
assumption maximum flood flow sec-ft. per sq. mile largely data 
Table which given millions gallons per day instead the usual 
second-feet. Some these records not represent the maximum floods. The 
discharge the Pequannock River Macopin Dam (drainage area, 62.5 sq. 
miles) 201 350 000 cu. ft. hours from 10:00 October 
8:00 October 10, 1903, which represents average discharge 
sec-ft. mile for hours. What may have been the maximum rate 
not recorded, but must have been considerably more than 100 sec-ft. per 
sq. mile, 

Div. Waters, Dept. Conservation and Development, Trenton, 


Received the Secretary, November 20, 1925. 
Water Supply Paper No. 92, Geological Survey, 16. 
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the safety Pompton Lakes Dam 
Ramapo River, New Jersey, which built prior 
the writer had occasion study the this stream. follow- 


“The drainage the Ramapo the confluence with the Pompton 
River 160.7 sq. miles, while the Pompton Lakes Dam 1.5 miles the 
mouth, the. drainage area 159.5 sq. miles.. Volume the New Jersey 
Geological Survey (1894), page 155, stated that during flood Sep- 
tember, 1882, the Ramapo had maximum discharge ft. 
which equivalent water the lake about above ele- 
vation the crest the the Geological Survey Water Supply 
Paper No. 88, page 35, stated that during the flood February-March, 
1902, ‘on the Ramapo River Pompton Furnace the highest water was ob- 
served 6:00 March when reached 4:1 ft. above the dam 
the Annual Report the New Jersey Geological 1903, pages 
and 28, stated that during the flood October, 
5:40 October when the Pompton Steel Works dam broke, 
had reached discharge 7123 cu. ft. per sec. the 
maximum discharge was much excess This same report Table 
page 27, states that the maximum discharge the Ramapo 
1896 was 8.731 cu. ft. Thus seen that during period 
less than years there were floods that caused lake level over ft. 
above the crest the dam and possibility that during the flood 1903 the 
level would have been ft. above the the dam had not [The 
crest the old dam was the same elevation the existing structure.] 
Therefore, analyzing the strength the wing-wall level 
ft. above the crest the dam has been 


head the Pompton Lakes Dam ft. long) equivalent 
per sq. mile given Table for the September, The 
October, 1903, appears have been more severe flood than that Septem- 
ber, 1882, North Jersey streams. Unfortunately, few permanently estab- 
lished stream-gauging stations were being operated during that 
are now being maintained New Jersey thirty-six permanent gauging sta- 
tions, twenty-six which are equipped with continuous water-stage 
flood heights have yet been The Table 


TABLE Run-Orrs. 


Maximum flood flow, 


Drainage second-feet per Date. 


Name and location. square miles, 


square mile. 
Swimming River, near Red Bank. J... 47.7 July 28, 1919 
Lawrence Brook, Weston’s Mills, 45.0 20, 1921 
Shabakunk Creek, near Trenton, J.... 107 April 1924 


this the spillway capacity some the more important 

The Oradell Dam the most important structure New Jersey equipped 
with sluice-gates for passing flood waters. the author points out, however, 
this was necessary order hold down the water level the reservoir and 
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prevent the flooding railroad and other unowned land. There are many 
dams streams the Coastal Plain New Jersey that depend entirely 
possible the necessity for operating gates pass floods and rely over- 
flow other automatic spillways. ‘In the Oradell Dam, under present condi- 
tions operation water supply reservoir and with attendants constantly 
duty the pumping station immediately below the dam; would seem 
that adequate provision has been gate control. 


Drainage area, ty, second- 


Name and location dam. square miles, feet per 


Pompton Lakes Dam, Ramapo dam masonry 


Tintern Manor Reservoir, 
Pequannock 27.3 180 Earth dikes 


where inadequate spillway capacity provided and 
becomes the writer’s duty and often construction 
cost, met with the argument builder not justified making 
the increased condition which may occur only 
once Engineers use factors safety much six more 
many their designs and yet the engineer often limited 
the opinion that endeavor save money providing spillway other 
than liberal capacity economy the owner well for the 


piling due piles drive out plumb, The tops, which 
were held perfect alignment waling strips, traveled ahead the lower 
After piling had been driven the inclination the piles 
sufficient cause lateral vibrations under the hammer, attempt was 
made correct the difficulty beyeling, the points spread the joints 
the bottom, but this was not successful. 

difficulty was experienced driving the wedge-piles with their broad 
ends down. The angle the wedge was made, slightly greater than the 
inclination the last straight pile driven that the top the pile following 
the slightly toward the or, three 
the wedge-piles were used under the spillway 
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MOMENTS RESTRAINED AND CONTINUOUS BEAMS 
THE METHOD CONJUGATE POINTS 


Discussion* 


Turner 


presented very interesting graphical method for the analysis continuous 
beams. has been proved that more economical reinforced concrete struc- 
tures can produced designing them elastic frames, any such method 
which simplifies the design valuable. The writer has been using very simple 
general analytical method§ for locating the conjugate points which should 
also interest. Fundamentally, this method probably the that 
the authors, but its derivation, appearance, and use are different. 
general method for the solution continuous frames composed straight 
members the ends which not move horizontally vertically. The deri- 
vation effected considering single member beam with elastic sup- 
ports. The notation used shown the diagrams, Figs. 44, inclusive. 

The beam, considered elastically restrained such manner 
that unit moment the left support will produce rotation that support 
equal and unit moment the right support will produce rotation 
equal The total rotation the left and right supports, therefore, will 

Considering the beam simple span without restraint, the superimposed 
loading will produce angular displacement the left end equal and 
the right end equal 

Still considering the beam simply supported, the angular displacement 
the left and right ends produced unit value are, respectively, 
and The same values when will called and Max- 
well’s theorem reciprocal displacements, the valués are the same 
both cases. the beam has uniform moment inertia, the values and 
will equal. 

Using these displacements, the location the conjugate points the 
closing line the bending moment diagram may easily derived. Equating 
the angular displacements the left support, 

the right support, 


Discussion the paper Nishkian and Steinman, Members, Am. Soc. 
continued from December, 1925, Proceedings. 


Cons. Engr., Milwaukee, Wis. 
Received the Secretary, November 1925. 


See Methoden zur Statik und der elastischen Bogen- 
Strassner, and ‘‘Methode der Festpunkte,” Suter, 
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Assuming the beam shown Fig. with the support 
the left end and simple support the right end, apply unit moment, 
the right end, the location the point inflec- 


tion. This point called the “fixed point” and lies the same vertical line 
the conjugate point. 


39. 
From (20), 
this case, there superimposed load and Hence, 
Placing, 


From which, 


Similarly, 


These and are the abscissas the conjugate points. For 
unrestrained beams, the values and are infinite and and are zero. 
For rigidly fixed are zero and 


Y 4 4 = 
b 
1 


ordinates the conjugate ‘will now found. 
tion (21), 


From the geometry Fig. 41, 


or, Equation (24), 


Moments 
for Simple Beam 


41. 


From Equation (20), 


Combining with Equation (25), 


Similarly, 


useful and can located The intercept, A’, called seen 


iy 
} uA | 8 = | 
42. 
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And, similarly, 


These cross lines loci ‘the conjugate points and depend for their 
location unrestrained beam under the assumed 
loading: not ‘affected therefore the actual end conditions. The 
abscissas, are fixed the end conditions and the 
the beam itself, but are independent the actual loading. 

area method one the other familiar methods. For beams uniform 
moment inertia, 


For beams variable the values can obtained 
finding the reactions produced loading simple beam with the modified 
moment areas, shown the authors’ Fig. 21.* 

The values and for some common conditions loading beams 
uniform moment inertia are given Fig. 43. 


"Ko pl? 


The value the. angular displacement the left support when 
span under consideration continuous with another beam 
the left, will equal the angular displacement the right end this 
beam when (See Fig. 44. 


— , 


the values a’, and being the values for the span the left the 
support being considered. 


Proceedings, Am. Soc. B., October, and 1618. 
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there more than one member framing into the left the loaded 
beam, the value determined the expression: 


which, ¢,, are the angular displacements for each member sepa- 
rately when acted unit moment the end. When there series 
spans, the values and are determined successively, starting with the 
the left-end span. The values and are determined the same way 
from the left-end span, which case, 


44. 


For members with uniform moment inertia, 


which, the value for the fixed end, zero for the hinged and lies 


between zero and for partial restraint. 

Complete tables for the easy application this method continuous beams 
with haunches various sizes one both ends are available.* 

This method can extended cover the problems treated the authors, 
and the writer under the impression that quite general their 
graphical method. 

One question regard the application any such method 
concrete structures which the writer would like have discussed the selec- 
tion the proper moment inertia to, use the formulas. the solu- 
tions depend only the relative moment inertia the different members, 
has been suggested that the moments inertia the full concrete section 
used, neglecting the steel entirely. The writer believes that this will ordi- 
narily give good results the case continuous beams, but would appear 
that some modification would required some members were very much 
more heavily reinforced than others. continuous T-beam construction, 
customary use the moment inertia the full T-section for those parts 
the beams subjected negative bending well those with positive 
bending. 


“Neuere Methoden zur Statik der und der elastischen 
and der 


| 
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sets forth, was written primarily use designers 
reinforced concrete construction. secondary use mentioned, namely, 
computing secondary stresses. 

several occasions the writer the fact that concrete con- 
struction, proved tests, does not act true elastic manner nor even 
approximately so. has also stated that there are many considerations, 
apart from the one stated the authors, namely, tedious methods, which 
make superfluous consider secondary stresses. 

the writer’s paper entitled “Some Mooted Questions Reinforced Con- 
crete the following statements were made: 


“Professor Gaetano Lanza has given some data recorded deflections 
reinforced concrete beams.§ has also worked out the theoretical deflec- 
tions various assumptions. .An attempt reconcile the observed deflec- 
tions with one the several methods stresses led him the 
conclusion that: 

observations made thus far are not sufficient furnish the means 
for determining the actual distribution the stresses, and hence for the 
deduction reliable formulae for the computation the direct stresses, shear- 
ing stresses, diagonal stresses, deflections, position the axis, 
under given load.’ 


“There are more than ample grounds for the contention that the ideal 
stresses worked out for reinforced concrete structure are far from realization 
this far from ideal material. 


“The theory stands falls according one able unable 
calculate accurately the deflection reinforced concrete beam; and 
impossibility calculate this deflection even approximately. The tests 
cited Professor Lanza show the utter disagreement the matter 
deflections. those tested, two beams which were identical, showed results 
about 100% apart. theory grounded such foundation does not 
deserve serious consideration.” 


The foregoing attack the elastic theory applied reinforced con- 
crete was answered any manner whatever the long discussion which 
followed presentation the paper. 

the discussion paper Janni, Am. Soc. E., entitled 
“The Design Multiple-Arch System and Permissible 
the writer made the following statements 


“The modulus elasticity concrete varies considerably, even for speci- 
mens made apparently the same kind materials. also varies for 
different intensities stress, which means variation the same cross- 
section member bending. The first these inconsistencies could not 


Structural Engr., Pittsburgh, Pa. 
Received the Secretary, November 1925. 
Traneactions, Am. Soc. E., Vol. LXX (1910), 54. 
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allowed for mathematically; other, the law ‘should 


discovered, might yield analysis adding the complexity 


* * * * * * 

“Furthermore, reinforcement concrete arch contributes mate- 
rially the lack true elasticity and thé fact that unstressed its 
original condition. the concrete stress the steel, 
and any calculations equivalent moment.of inertia based unstressed steel 
and concrete are vitiated this undisputed fact. 

whole fabric the method designing reinforced concrete arches 
elastic structures stands falls according the deflection reinforced 
concrete beam under test cannot determined 
tation. Tests prove that this cannot even approximated com- 
putation. Here, nutshell, the proof that elastic treatment the 
reinforced concrete arch improper.” 


far the writer knows these arguments been refuted. 

Reinforced arches designed the elastic. and continuous 
beams are the same basis and what said concerning 
the theory one has equal force other. neither elastic 
ture, the elastic theory does not have application. 

structure elastic the mathematical sense must not only 


what commonly understood elasticity, but must have constant 


nearly constant modulus elasticity all its parts. The theory elas- 
ticity, particularly such phases apply elastic arches and continuous 
beams, can have application unless the modulus elasticity constant. 
When two specimens concrete made manner show vari- 
ations 100% deflections, this means that the modulus elasticity 
these two specimens varies that amount, more; else, still 
more significant, indicates that that modulus may different for different 
parts the same member. ‘That would have more than 
100% order make the averages differ 100 per 

Many experiments demonstrate the the modulus elasticity 
concrete quite uncertain and varies even the extent hundred 
per cent. Besides, many tests indicate that there variation 
intensities stress. The application the elastic theory material such 
this violation the fundamentals engineering mechanics. 

far the writer knows attempt has ever been 
this objection the elastic theory applied and reinforced con- 
crete. hoped that the authors will make serious this 
objection. just clearly matter exact analysis any part any 
solution the problem elastic concrete structures, and unless can 
controverted, every part every such solution—a large total engineering 
literature—is merely theoretical matter value. 

secondary stressés, with which the paper also deals, very complex 
mathematics has been introduced into the literature engineering; and 
seriously questioned of. this value... This. highly 
theoretical matter has more than once been challenged inappropriate 
useless the writer, chiefly malleability. of. steel 
vitiates all assumptions, and tests not indicate any agreement between 
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paragraph from that paper pertinent: 

says Transactions, Am. Soc. E., Vol, 1071, that during erec- 
tion, ‘except. smallest secondary stresses, the measured values were 
consistently lower than the calculatel values. For the higher percentages 
secondary’ the measured values are small fraction the 
culated Also, ‘the actual secondary stresses will generally lower 
the calculated automatic re-adjustment strains 
within such relieve the secondary stresses.’ 
There can doubt whatever that this ‘automatic re-adjustment’ simply 
the wotking out the effect steel, property 
absolutely ignored the theorist.” 

stresses, striking disagreement with theory that indicated the last 
paragraph was manifest, not legitimate ask, “Why should consideration 
ature 


methods developed, are simple, short, and easily checked and will 
soon replace the with arbitrary coefficients the design continuous 
beams. 

The writer been with, the previous ‘to its publication 
through, the courtesy used in.the design several 
buildings, the and steel the frame work 

The resulting from this call for 
moments and smaller moments than. would have resulted from the 
use building ordinance formulas. certain extent, 
shifting the quantities from the center the support.. The negative 
top becomes more its. location insured. 
poor work. 

For these reasons the writer that the use graphic 
methods shall automatically call for better engineering field than 
given present-day concrete building 

Proceedings, Am. Soc. Papers Discussions, 644. 

Loc. September, 1924, Papers and Discussions, 969. 

Loc. cit., September, 1925, Papers 
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ordinary beam theory disregarding rhombic deformation. That the graphic 
solution outlined simpler than available methods, appears open 
question. This might were only the methods Clapeyron, simpli- 
fied Merriman, available; but series three-moment equations nega- 
tive moments more difficult solve than series equations 
negative moments which the problem may attacked. 

Half the sum the moments over consecutive supports plus§ the moment 
the center the span, equals the moment ordinate for the given loads 
the center that span considered simply series 

obtained the odd-and-even rule for center moments between sup- 
ports, for negative moments over the supports, and for the shears the sup- 
For uniform load and equal spans, these 
out computation. 

the solution for concentrated loads unequal spans, the 
equations negative moments permit the deduction additional three- 
moment equations center moments, and also give the relation that the 
negative moment over any interior support equals the numerical sum the 
adjacent positive. center moments between supports. Thus, analytical 
method, the writer views it, simpler than the 

Graphical analyses continuous beams are general based Mohr’s 
theorem. The general expression for the three-moment relation Equation 
appears have been first published Charles Green 1875.** 

The symmetry the summation equations beam theory permit two 
analogous but divergent graphical methods—that fixed points determining 
the false polygon deflection, followed and and that 
characteristic points from which the closing line the moment area may 
found, detailed whose treatment follows almost identically 
the same lines the authors’ and appears simpler detail. Hence, com- 
parison the authors this method with their work would interest. 

The authors’ premise disregarding distortion involves the assump- 
tion that plane normal section before bending remains’ plane after bending 
and normal the axis the beam; assumes that the sum the horizontal 
compressions balances the sum the horizontal tensions, which, although true 
the simply supported beam, untrue for the continuous beam. 

The equalizing the horizontal tensions the horizontal compressions 
takes place through horizontal shear, which changes sign the neutral plane. 
The sum the shears above the neutral plane constitutes the reaction the 
sum the horizontal compressions simple flexure. 


Cons. Engr., Minneapolis, Minn 
Received the Secretary, November 16, 1925. 
“Concrete Steel Eddy and Turner, Second Edition. 
Plus becomes minus case zero load the span. 
“Elasticity and Strength Materials”, Turner, Section IT. 
Proceedings, Am. Soc. E., October, 1925; Papers and Discussions, 
“Graphical Analysis Trusses”, Van Nostrand. 
“Researches Graphical Eddy, 1878. 
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Newton’s third law, action and reaction must equal and 
but college textbooks and university professors teach substance that the 
mechanics flexure, action and reaction must equal, the center 


action the positive shears need not for equilibrium opposite the center 


action the compressions. that way they erroneously locate the neutral 
plane the center gravity the section along the the beam. 
This erroneous location the neutral plane dates back 240 years the investi- 
gation Mariotte which assumed without proof, peut concevoir, that 
there are many fibers compressed, 

order that the action the compressions and the reaction the 
shears may opposite, the neutral plane must depressed below the gravity 
axis toward the the simply supported beam distance nearly one- 
tenth the depth, following curve the same order the slope curve for 
various loadings, whether central, uniform, 

that the obey Hooke’s law there must 
proportion to, the shearing force and the plane section instead: 
remaining and normal the axis the beam rotated from and, 
assumes the form reverse third degree curve; since the shears are the 
summation the moment stresses following linear law the shear stress area 
parabolic, bounded degree curve, and consequently the summa- 
the areas which determines the deformation third degree 
curve, 

points inflection the neutral plane the hinge the span 
would one-tenth the depth below the center gravity the sec- 
tion and the neutral plane for the cantilever portion would one-tenth the 
depth above Since the material not separated, these diverse 
positions the neutral plane, when hinged, are forced together interfer- 
ence the rotational shear strains represented couple one-half the 
total the moment stresses having lever arm approximately 
one-fifth the depth the beam. Hence, for the restrained steel beam under 


uniform load having ratio 10, the maximum 


only, three-quarters over the supports and one-half mid-span that com- 
the erroneous the neutral plane the common 
theory flexure. 

The author’s proposed. theory for. the attainment economic results 
beam design, thus lacking degree accuracy which permits the 
economy. this respect offers little improvement over building 
codes, which likewise disregard shear distortion.. 

The criticism the ordinary beam theory, because Hooke’s 


law and Newton’s third law well, applicable the entire theory 


secondary The bending prismatic beam determined 


dominantly the elongations and compressions parallel axis. the 


column, the other hand, before the stage incipient failure has been 
reached, elongations are approximately normal the axis and compressions 
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parallel Its change shape determined, therefore, predominantly 
the shear strains which are disregarded the theory secondary 
stress. shear strain reaches its greatest absurdity build- 
ing the rules the oint Committee Standard Specifications 
for Concrete Concrete, for determining the resisting section 
restrained and continuous beams under external shearing force. 

The procedure first assume that shearing force produces ‘no 
strain. Then because shear strain causes shear failure for 


assuming unit shear stress unrelated proportion the shear strain 


causes failure—computing that shear stress the basis the external shear 
force divided the cross-sectional area instead calculating from the 
accepted summation equations beam theory. 


the side elastic prism, lines parallel and lines normal the’ 


axis are drawn divide the surface into squares, prism bent 
sharply, the squares the center will deformed into trapezoids. 
squares the end mid-depth will assume center 
under uniform load there external shear force.’ Yet rotational deforma- 
tion has taken place and the squares have been deformed into 
which both diagonals are shortened the compression both diagonals 
lengthened the tension zone. Toward the end the beam, 
rhombic deformation occurs, the diagonal sloping downward toward 
from the end the beam lengthened and the other shortened’ 
both tension and compression zones. These two distinctive deformations 
have different laws summation and arise from divergent causes. 

Trapezoidal deformation produced the external shear and 
proportional the moment any point the beam. Rhombic deformation 
the neutral plane the other hand proportional the horizontal shear 
stress (or the sum the moment areas) the slope the beam the 
point question. Cracking the concrete occurs where the sum these two 
rotational deformations maximum. Hence, shear failure occurs the 
simply supported deep concrete beam toward the end; the shallow beam 
toward the center. 

Since, the stress mechanism concrete beam the bottom, 
the steel resists the direct tension, checking cracking the concrete occurs 
the shallow beam because the sharpness curvature limita- 
tion the percentage steel. the deep beam cracking caused pre- 
dominantly rhombic shear strain. 

given beam for the same kind loading, with the same percentage 
steel, and the same working stress the steel, the rhombic shear strain 
the simple beam proportional the external shear force for given distribu- 
tion but not for different distributions loading. the continuous beam, 
the contrary, because made cantilever and suspended span portions, 
the rhombic deformation zero the support instead maximum 
the simple beam and maximum the point contraflexure. Trapezoidal 
deformation, the contrary, maximum the support and mid-span for 
symmetrical loading. 
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From these laws summation there results resistance ex- 
ternal shear which may three four times great the continuous 
beam per section that developed the simple beam, yet building 
code laws and the rules Joint Committee Standard Specifications 
for Concrete and Reinforced Concrete, still err requiring provision for shear 
strain the continuous beam though were comparable its mode 
resistance the simple beam. 

regretted that the authors did not carry out their investigations 
stricter application law that their theory would accord more 
closely the conditions met practical work. 

The divergence from exact theory the disregard shear strain may 
summarized follows: The neutral plane the simple beam passes through 
the center gravity the section only the locus maximum deflection. 
dips downward toward the end the beam curve the same order 
the slope curve. the continuous beam, the contrary, due the inter- 
ference shear distortion, the neutral plane passes through the center 


gravity the section points contraflexure only. rises above the. 


center gravity the supports and drops below between supports, follow- 
ing like manner curve the same order the slope curve for the given 
applied loads. Shear distortion the deflection the simple beam but 
deflection continuous beam just the case the 
statically arrangement load two springs different 
deflection less for the indeterminate arrangement than for 
any statically determinate arrangement. the statically indeterminate re- 
strained continuous beam the deflection reduced not only the divergent 
distribution. moment magnitudes but interference shear distortions 
well. 

appears that heretofore general definition has been formulated cover- 
ing jointly what may called the neutral plane the homogeneous beam and 
the reinforced concrete beam well. The writer would define this plane 
the locus consecutive points right shearing stress vertical planes 
parallel the axis where tension, compression, and shear have the same mag- 
nitude. This state right shearing stress the composite beam differs from 
that the homogeneous beam that the shears are equalized the steel 
instead the neutral plane the states right shearing stress the neutral 
plane are rotated one-half octant from that the homogeneous beam, 
keeping with the depression the plane equalization the shears one-half 
the depth below the neutral plane. This state facts indicates the error 
the supposition that tension the concrete offers material resistance flexure 
and that the divergence the newly cast beam between steel moment times 
the lever arm and the applied moments the load must attributed the 
reaction the residual stresses induced during the hardening the concrete 
about the steel. 

noted that the proportional reduction the deflection caused 


interference shear distortion decreases the square decreases 
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and like manner does its influence reducing the intensity the tension 
over the support the top between the supports the bottom. 

weight, several stories the one hand compared with the same column 
carrying the relatively light load the deck structure the other 
the surprising observations testing concrete buildings. Here the ordi- 
nary beam theory applied the paper gives indication the phenomena, 
but may explained the variation the relative flexural resistance re- 
sulting from divergent stress areas critical sections the column.* 

The bearings the continuous beams concrete building are more 
less fully restrained either the rigidity the columns into which. they 
frame the torsional rigidity the carrying beams and slabs through 
which continuous joists may extend. The three-moment relations thus become 
indeterminate, the number equations condition one less than the 
number unknown moments over the supports, forcing the practical designer 
use other relations solving his problem. 

The method the authors therefore applicable continuous steel beams 
with hinged supports rather than ordinary reinforced concrete construction. 
the summation equations relating trapezoidal and rhombic deformation 
follow divergent laws, simpler treat each kind deformation sepa- 
rately, determining the state stress combining the two. The 
authors’ analysis forms correct basis for the 
trapezoidal deformation. The resultant unit stress tension modified 
the trapezoidal and rhombic the foregoing dis- 
cussion kept mind that the center moment not the maximum 
positive moment but the positive moment the center span, which may ‘be 
utilized kind relation from which the maximum negative and positive 
moments may determined. 
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Discussion* 


much interested Mr. Alfred’s Through series mathematical 
exercises the author has the conclusion that the ultimate cost 
haul via the Ohio River 40% excess the haul rail, and that “even 
this figure not comparable the railroad cost per 

cost rail and water haul, that was impelled make détailed 
analysis the paper. did that railroads could compete ‘with 
transportation, water over such the Mr. 
Bureau Railway Economics its consecutive Bulletin No. which 
the Bureau attempted prove that the cost transportation via the New 
York State Barge Canal was greater than the cost transportation rail. 
The argument made very interesting, true, haying reached such 
astounding conclusions was in. also impelled investigate 
more closely. checking the arithmetic found that had quite 
the decimal point computing the cost haul 
water, which resulted finding operation, maintenance, and repair” 
ten times too great. When this correction was made, and using the 
own argument, was shown that the cost, haul water was Tess the 
haul rail, one. must assume would the the figures 
are properly applied. not Mr. Alfred fallen into similar error 
train 

The author the transportation the Ohio River 
from Pittsburgh Cairo unit, whereas using shipping 
that apply local freight shipping reach miles 
river, which was all was completed the year which 
his shipping were compiled. Through shipment ‘on Ohio River 


Discussion continued from December, Proceedings. 
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over improved waterway such the Government now the process 
constructing, has not yet been possible. Several the locks and dams are yet 


-incompleted. Manifestly, not fair use the present local shipments 


argument the wisdom fallacy the entire length the 
Ohio River, Moreover, the Ohio River. only one unit system water- 
Pere Marquette, for would unfair select some 
part the Pere Marquette Railroad which might operated serious 
loss, and argue from that that the entire railroad system 

The writer has compiled modification Mr. Alfred’s Table 
13*, show comparison between railroad shipments and water shipments over 
the Ohio River The data the second column Table are 
derived from Tables and the paper Colonel Kutz. 


Railroads Ohio River Percentage 
United States. System, 1924. railroad. 
Balance, for floating equipment and. terminals 


similar comparison with compléted portion the Ohio River ton- 
the railroads the United States. 

seen from Table that the length the waterways 
Ohio River System practically the length railroads the 
United States, the freight the Ohio were 
1.63% shipments the United ‘Also, that the shipment per 
mile Jength the Ohio River System was 70. greater than the average 
over the railroads the United This, such 
bad for transportation system yet and unusable 
many places except for local business. The average haul short because 
the, fact. that cannot made over the water- 
ways, 

The estimated cost per mile improvement this river system 532, 
whereas the cost, per mile, including equipment, on. the railroads the United 
States, shown Mr, Alfred This leaves balance-of 126 
per mile waterways the Ohio River System used for floating equip- 
ment terminals, the total length the 471 the 
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346 for floating equipment and terminals 
for the Ohio River System before the total sum has reached the average total 
cost, including equipment, the railroads the United States. 
seen the amount available for floating equipment and real estate 
the Ohio River System. take very substantial 
business. 

maintenance the Ohio River 000 annually, amounts 
cost 1.29 cents per ton-mile based the volume traffic 1923.” 
Here, again, the writer wishes invite attention the fact this time 
only 358 miles the river had been completed, and 
over the improved waterway was possible. 

The author states further “as the volume will 
fails the converse this—that the traffic iticreases, 
the cost will Although the not endorse the findings 
these four will take them face value and 


present cost haul for coal over the Ohio River from Pittsburgh Cairo 
2.7 mills per Adding about for the shorter haul will 
give shipping cost barge mills per ton-mile, which equal the 
transportation cost the Monongahela River over distance miles, 
as.reported by. Colonel Kutz, who also states* that the rail charge for ship- 
ping over the same distance mills per ton-mile, difference 
mills per ton-mile favor transportation water. Further, Colonel 
Kutz submits chart (Fig. showing the cost haul coal for 
water haul for coal and coke 1923 the Ohio River was miles. 
From Colonel Kutz’s table for this distance found the rail charge about 
mills, or, say, mills. This would show saving mills per 
the case sand; gravel, and Mr. Table 12, 
haul averages only miles, and the difference between’ the the 
daze rail haul over such ‘short distance greater than for coal haul 
miles, but for the purposes this discussion assumed that 
the saving the same. the case the metal: metal Mr. 
Alfred finds the average haul 318 miles. 
Colonel Kutz that 311 the rail for 
fifth-class freight, which the for steel products, 18.6 mills per ton- 
mile: Mr. Alfred feels that the water for these higher class commod- 
nite ities should greater than ‘the cost for transporting agrees 
196 with Mr. Alfred this subject and suggests increase 20% over the coal 
charge. This would cost haul water 3.6 mills per ton-mile 
for freight, such products. interesting note: that 
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mile. very closely ‘with the writer’s ‘figure. 

‘argues that these commodities were forwarded the 
distance would less than probably true, the other 
hand, for distances less than 400 miles the cost haul rail per ton-mile 
Colonel Kutz.) 

44% than the rail This relation applied ‘the 318- 
mile water haul gives equivalent rail haul ‘interpolation 
water haul. the same manner may shown that the rail rate per 
shippers for these two items 13.5 mills per Inserting 


total. 
Metaisand metal products 4.7 128 972 709 318 13.5 678 685 
280 521 100.0 749 120 486 $10 062 


Table shows that the total saving shippers 
charges found Mr. 

which had been and opened.. This-is not such bad show- 
ing the condition the Ohio River When the Ohio 
River improvement has been products.can forwarded 
schedules from Pittsburgh New Orleans, and 
other points, lumber, sulphur, bauxite, 
canned goods, and similar articles, brought from 
will show even benefits over waterway 
Surely with this through traffic the shipping interests 
will realize the converse Mr. Alfred’s and may well that 
the volume of, fixed charges per ton will decrease, 
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readily available engineers and permits making intelligent analysis 
subject that has frequently been discussed biased 


the 
her Both Colonel Kutz and Mr. Alfred§ have result analysis 
general namely, that present savings trans- 


portation costs the Ohio River are less than fixed charges plus the cost: 
maintenance and operation. While Mr. Alfred infers that the former never will 
great the Colonel Kutz estimates that the savings are approxi- 
mately 60% the fixed and operating charges the completed reach the 


iter 
extending from Pittsburgh Cincinnati. The writer whose duties 
include the this subject accepts this figure 


correct, realizing that the available data not permit mathe- 
accuracy such an. 


Alfred has based fixed and operating ona projéct, assum- 
ing that the traffic will never greater, but less, than present. 
his view the future accepted success cannot predicted for the. 


but there are many reasons assuming far more optimistic attitude. 
railroad incompleted state and working low. ratio capacity 
that now prevails the Ohio River, could not make much com- 
petition with completed lin 

The traffic density the Ohio River present is. less than 000 000 ton- 
miles per mile. river, while its capacity easily ten times this 


amount. The principal coal the Ohio had density 
564 heavy traffic, and with this traffic density, the fixed charges plus mainte- 
nance way, was 1.9 mills per ton-mile, about 40% the corresponding 
that part the Ohio extending from Pittsburgh Cincinnati. 
mile its lower miles, while for the entire 125 miles improved river, 
the traffic density about one-half great, the traffic the half being 
head very light. seems obvious that the capacity the Ohio River exceeds 
far that ‘of railroad, but its future use governed 
its ability get rather than its capacity carry this traffic, the 
Ohio Some further statistics, more less general, that may assistance 
toward forming general view the traffic the river are, 
and follows. 
ugar, Population the Ohio Valley 1920 was 500 000, 
from per sq. mile compared for 142 for Ohio, and 195 
shich for Pennsylvania. these three States, there mile railroad for every 
population,,; The basin amounts to.10000 per mile 


6n- 
his 
per 
q 


lation the Basin 1920 while ‘the cities 
for the entire United States. 

statistics 


These figures include originating tonnage and that ‘other 
lines. Statistics show that originating tonnage about 55% total, 
that was about tons per 1920, tons which was The 
originating other than coal the Upper Ohio particularly heavy 


‘on account the great steel industry practically all the furnaces and mills 


which are situated the river. The annual capacity the blast furnaces 
the Ohio and its tributaries approximately 000 000 tons, with aver- 
age production 000 000 

The basin the Ohio River produces 55% the 
bituminous coal that mined annually the United States 
200 000 000 tons this coal shipped from mines situated counties 
border the river its canalized tributaries. 

The originating tonnage the Ohio Basin 1920 may roughly 
mated 


Other tonnage (at tons per 155,000 


Year. Tonnage. Ratio 1880, 
1880 820 000 000 
1890 700 000 000 2.18 118 

500 000 000 7.8 


The ton-mileage based the average haul for the States 310 


the rivers. 


States has increased since 1880 shown Table 18. 


Paper 


while 
serva 

while 
mand 
Syste 
next 
dams, 
they 
betwe 

the 
has 
and 
The 
the 
she 
their 

able, 
the 
River. 
date 
have 
ing 
furthe 

tra 


plant 
their 
coal 
plants 

coa 


. 
4 
a 
> 
4 
i 
i 
| 
: : 
I 
| 
| 
| 
| 


opu- The total increase has been equivalent steady rate 66.7% each decade, 
while the rate since corresponds 58% each Since these fig- 
ures do. not tonnage handled waterways and highways, con- 
servative predict total future tonnage increases as,60% each decade. 
From the appears the tonnage the Ohio Basin other 
wing than coal may expected increase about tons from 1920 1930, 
while the tonnage coal correctly shown Mr. Alfred will not inerease 
greatly. There seems doubt that the growth this valley will de- 
mand extensive expansion transportation facilities and that the Ohio River 
System provides transportation may easily absorb during the 
next twenty-five years sufficient tonnage justify the investment locks, 
dams, terminals, and fleets, without depriving the railroads the business 
they require for profitable operation, providing there proper co-ordination 
al, between the railroads and this waterway system. 
The Coal has always been important item Ohio River tonnage with 
the railroads the Ohio Valley. The Ohio River tonnage from 1890 date 
has been 60% coal. The 1924 tonnage was 53% coal and coke and 34% sand 
and gravel, with similar percentage indicated the 1925 statistics date. 
The tonnage the Chesapeake and Ohio, Norfolk and Western, and Hocking 
Valley Railroads was 80% products mines (mostly coal) 1922. The ton- 
off mileage coal, sand, and gravel handled the Ohio present about 
the total, due the fact that the average haul coal, sand, and gravel 
short. The average haul coal the railroads mentioned long and 
their ton-mileage coal will least 75% the total. 
The accompanying diagram (Fig. shows, far records are avail- 
able, the total Ohio River coal tonnage well the shipments from Pittsburgh 
the lower river and shipments from Huntington, Va., and the Kanawha 
River. The former has disappeared, but the latter now greater than the 
date opening the competing Chesapeake and Ohio while 
have developed replace the loss the large tonnage Pittsburgh coal mov- 
ing the lower river. The steel industry extending down the river and its 
further development promises continued growth tonnage, river coal. 
The rapid growth the demand for electrical energy will result large 
expansion steam power plants this great coal region and these plants 
reason their water requirements must large streams. the cost 
transporting coal from the mines the load center power system 
equal less than, the cost the power from power 
plant the mines this load center, evident that steam having 
their load near the Ohio River the north and it, and their 
coal supply Virginia will ship this coal power plants 


plants recently constructed will their coal river. 
The use fuel, while terids decrease the growth 
production the field transportation ‘since this com- 


3% 
ay 


low Haulage costs, and low terminal costs. The oil traffic the Ohio River 
has grown steadily during the past eight years, until now important 
same may said iron and steel products, and 
that 25% present Ohio River ton-mileage these two 
commodities, which has developed almost entirely during this period. 
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of Coal by River 


1913-1924— 


OHIO RIVER AND. ITs 

tonnage from. 1905 1918 coincident with the-decline Pitts- 
burgh the lower river, while date there has been general 
tonnage coincident increase tonnage iron; and 
oil, and composed these commodities. 

8.29 mills per ton-mile with 1924 traffie, while Mr. the 1923 
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traffic estimates 12.9 mills. evident that traffic must increase 
reduce the fixed charges well these figures order that the project may 
justified. 

tive coal-carrying 


Lake Erie. Valley Western and Ohio 
Railroad. Railway. Railroad. Railroad: 


Products mines, 

Average haul, miles......... 

Average receipts, mills per 
ton-mil 

Average receipts per ton 

Interest road plus mainte- 


reduce fixed charges, plus cost maintenance and operation the river, 
figure low the corresponding charge these roads, the river traffic 
must increase fivefold. This is, however, not true criterion since the sum 
other river transportation costs than those railroads, shown 
the discussion referred to. 

The average haul the Ohio about miles and the traffic 
whole comparable with that the short-haul (first three) railroads listed, 
but practically all one-way, whereas these railroads have about 65% their 
car-mileage loaded cars. these factors into consideration, esti- 
mated that the cost handling all Ohio River traffic by. would 
$1.00 ton, mills per ton-mile distance. probable water 
mills per ton-mile, per ton and the terminal esti- 
mated $0.20 per leaving saving $0.40 per ton compared with rail 
shipments. this basis, the tonnage the completed project must increase 
000 000 tons effect annual savings equal annual costs 
carried the Federal Government. 

The foregoing estimate involving the use averages many 
inaccuracies and detailed estimate based analysis the savings 
each specific movement the only method obtaining more accurate results. 
‘As Mr. one the important river hauls part 
longer through haul and this true many other river For such 
savings not simple, and results for specific movements 
may widely different from those obtained the methods the preceding 
Data not for analysis all river movements, but 
consideration the major movements indicates that the foregoing estimate 
based average conditions reasonably correct. 

‘As: pointed out Messrs. Alfred and Begien, dependability service 
recognized advantage transportation facility and this respect the 
railroads that compete with the Ohio have been far superior the river 
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its partly canalized state. However, with the completion 
the improvement, the railroads will possess marked advantage this respect. 
Navigation the river will then interrupted only ice and extreme high 
water. Interruptions the former will greatest the upper the 
Lock No. 11, miles from Pittsburgh, navigation, sus- 
pended account ice average days per year during the past years, 
while high water has added days more. the ‘Monongahela River during 
the past years, ice and high water have interrupted navigation 
average days per year. Velocities exceeding miles per hour occur 
Ohio about 10% the time the steép upper end and about 
the time the lower river, while velocities exceeding miles per hour 
prevail about 25% the time. For operation that loaded down, stream, 
towing conditions when the dams are lowered are less favorable. than. those 
prevailing while the dams are up, until the river reaches where the 
velocity about miles per hour, but become less velocity 
increases further and make towing impracticable when velocity excess 
miles per hour prevails. 

The early growth commerce the Ohio River resulted primarily from 
its use connection with marketing, which use gradually declined because 
its inability uncanalized partly canalized condition meet rail- 
road competition this field. The recent increase river tonnage has re- 
sulted primarily from its use agency The former. use 
resulted long hauls various products, while the latter involves shorter hauls 
raw materials. recognized that extensive foreign and domestic markets 
the south and southwest are open the industries the Ohio Valley and 
expected that the improved facilities offered the river when com- 
pleted will again build its marketing commerce. recent industrial survey 
report made the Technical Advisory Corporation New York, for 
the City Cincinnati, refers particularly these markets for Cincinnati 
products and states follows regarding the Ohio River: “The Ohio River 
improvement completed 1928. This simply gives Cincinnati 
opportunity—nothing more”. 

The situation viewed the writer summarized, follows: 

Ohio Valley with its mineral other resources one 
the richest the world. 

2.—Population and industry this valley will keep pace growth with 
that the nation. 

and population the valley will center the they 
have the past, the Ohio 

Ohio River where canalized offers economical and 
means transportation. 

5.—With equitable relations between and the which are recog- 
nized the major transportation agency the valley, this river will carry 
the future commerce that will justify expenditures made the 
Federal Government. 
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hensive and general review the irrigation and power problems that 
trated the contrast between physical conditions that different rivers. 
the streams the Sierra Nevadas, all power development 
the mountain ‘section the river practically all irrigation the 
broad plains another such the Deschutes River, the 
River: irrigation above and the power development 
interest discuss; detail, few ‘of the points mentioned the paper. 

The writer too much emphasis has been placed the appar- 
between This idea has been fostered 
demagogues and politicians. The underlying has not been much 
between two uses water has been that 
least recent years, has become public 
‘function, while power been made private corporations 
Ever since the beginning the has been the tar- 
get for all State and National regulation and restriction, beyond that 
any other industry the possible exception the railroads. real 
difference exists between the agencies: Both are made groups 
individuals: organized under the laws the perform certain neces- 
sary functions. will admitted that, matter necessity, the produc- 
is.more important than the generation energy, but any 
and all communities power. 

vide the cycle food production. Both are required 
any community and false principle favor one against the 
other, because difference type organization. The situation 
Green River Basin, Wyoming, illustrates this point. When the Utah Power 
and Light Company applied for license develop power the Flaming 
Summer Meeting, Salt Lake City, Utah, July 1925, published in’ December, 1925, 


Proceedings), in- Proceedings order the views expressed may 
before all,members for further discussion. 
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Gorge site, presumed that additional power was required the 
territory served the Company. Yet Restriction the preliminary per- 
mit, given the author,* was practically prohibition against building 
the power plant. capital, private public, should ever put into power 
development for which the water supply may progressively reduced irri- 
gation until the stream nearly dried would seem that under such 
conditions balance should established between the power requirements and 
those for irrigation, both are necessary community. This 
self-evident when, many cases, much power used for irrigation pump- 
ing for drainage. prohibit power development, the case cited, 
injure irrigation. hoped that some day the American people 
will become sane this and repeal laws that definitely place any 
irrigation project, matter how dubious its merits, above very necessary 
development. 

In. most. cases there conflict between irrigation and are 
mutually beneficial. The writer has already set forth this view length:+ 
irrigation demand curve and demand This form 
most rivers where power developed the mountains and 
irrigation the plains below. reservoirs for power are 
installed, there assistance irrigation during the irrigation season any 
one year. addition, there irrigation reservoir the lower reaches 
the stream, water discharged from power system the period 
after the irrigation season caught the irrigation reservoir and retained 
for the next year’s irrigation. The regulation the stream over more than 
one year thus accomplished. Where, California, the annual 
total discharge may range from minimum maximum the ratio 1:4 

1:5, the regulation the stream over more than one year especial 
irrigation years deficient discharge. 

This solution not simple cases such Green Valley 
or.on the Deschutes River, where the irrigated lands lie above the power 
aided the fact that proper irrigation would: have some reservoirs above 
the irrigated region and, the extent that water returned the stream 
either; seepage drainage, the would examples 


are rather unusual, and the case the Deschutes the natural regulation 


the stream the lava formation counteracts great extent the effects 
irrigation diversions the flow. All power developments that stream 


will be. low-head plants. The power demand curve the 


fairly uniform throughout the year, and result: factors 
the power plants will generally limited size the stream flow during the 
low-water The winter excess flow stored the numerous irriga- 
tion. reservoirs, this will, time, act increase dis- 
charge. 
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River, California, there is.so much irrigation many years, all the 
flood flow taken irrigation ditches varying priority the water. 
Even such case, the construction Pine Flat Reservoir 
would make more certain water supply all irrigation and 
would also make possible the the upper 
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Portland, Ore.,.or Canada, the annual peak 


the northern. part the State the power demand fdirly uniform through- 
the with the the Central and Southern Cali- 
July, and cases exist where the uly twiee that.of February., This 
the large irrigation and drainage load. and the that; are 
the seasonal agricultural character. 

further correlation between lies the need. 
for drainage pumping. The writer believes that many, most, 
‘cases, low-lying lands irrigation region must done 
pumping, open’ ditches are, most cases, failure for obvious reasons. 
They dug deep produce the hydraulic gradient required 
water run into them. 

the are the character that could termed luxuries—oranges, figs, 
raisins, and other fruits. These crops bring prices, rule, general 
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California that costs more acre, capital cost, will 
not pay. difficult see how irrigation can pay such régions 
the Upper the Green River Valley, where killing frosts 

eight ten months the year. Crops are automatically limited 
forage, grains, and hardy fruits. ‘would not seem that 
‘irrigation the Columbia River costs mentioned the ever 
justified financial basis. must remembered that such ‘lands, 
producing wheat and similar crops, must compete with other lands, not only 
America but other countries, where there irrigation cost: 
failure the Reclamation projects pay settled primarily due 
the that with the burden the costs the irrigation systems the farmers 
could not compete with more favored regions. 

Mention made this phase the subject because has bearing 
the rulings the Federal Power Commission. The power exercised the 
Commission arises from the ownership public lands the Federal 
ernment. conceded that water the control the States. 
believed that there too great tendency the part the Commission 
extend its rule into realms not justified the divided ownership the land 
and the water. The writer not familiar with the Green River Valley 
Wyoming mentioned the author, but the statements made would 
seem wide extension the Commission’s prohibit prac- 
tically present power development because some future time there might 
irrigation development uncertain extent, either the State 
individuals. The Commission have given license use public lands 

_and have allowed the State Wyoming adjust the use water between 
and irrigation, that being the function the State which owns con- 
trols the water, the vital element both cases. 

The problems arising from use water are complex and grow 
more so. treated without either, can generally ‘be found 
that power and irrigation are mutually interdependent and most cases 
presented paper which the most important wide 
are set forth clear and comprehensive manner. 


and timely interest developing the viewpoint the engineers the Federal 
Power Commission regarding the principles co-ordination irrigation and 
power. However, the author’s statements regarding the superiority use 
water for irrigation and particularly his statement that this well-established 
the Western States “sets aside the laws economics” but 
reluctant and half-hearted admission the limitations under which the engi- 
neers the Federal Power Commission must necessity work when irrigation 
and power interests are conflict. 

the total estimated installed covered ‘the 
eral Power Commission outstanding June 30, 1924, 47% was included 
projects the State California. The somewhat 
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point the State California has already been reported 
Bryan, E., whose position Office Engineer 
the Division Water Rights the Department Works the 
State California, closely corresponds that formerly held Colonel Kelly 
with the Power Commission. The Mr. Bryan’s paper, 
“Hydro-Electric By-Product Agricultural epitomizes 
the great difference the two viewpoints. Power has rights California 
when conflict. with irrigation with the domestic use The author 
refers the well-established principle Western, States that the use water 
for irrigation superior any other except domestic, use, and 
considerable extent sets aside the laws the 
opinion this superficial viewpoint. 

Empire building arid section dependent the use water 
for thousand years ago the greatest civilizations antiquity 
were built arid regions and soon they water for irriga- 
tion, the countryside became desert and the cities uninhabited ruins. 

The ultimate development the Arid West and the extent the develop- 
ment its population, its cities, and its industries, depend wholly the num- 
ber acre-feet water that devotes agricultural the 
State California allowed 100 acre-ft. water run into the ocean each 
year unused for agricultural production, there would. ultimately 
family tilling the soil and two less families the cities. 

California, this principle fundamental feature the organic law, 
having been embodied forceful declaration policy enactment the 
Legislature, confirmed popular vote. The Water Commission Act approved 
referendum vote the people November 1914, and amended since 
then, contains the following statement: 


“Tt hereby declared the established policy this State that the use 
water for domestic purposes the highest use water and that the next 
highest use for irrigation. acting upon applications appropriate water 
the commission shall guided the above declaration policy.” 

The policy emphatically stated has been continuously observed the 
State authority having jurisdiction over the distribution the State’s water 
resources and has been supported all for ten years the State 
Department Engineering and Irrigation. 

The development. the State’s water resources accordance 
with this policy indicated Mr. Bryan’s paper, which described several 
new agricultural developments California, where power produced 
with storage works created primarily for irrigation Reser- 
voir releases are regulated entirely with irrigation require- 
ments, Such power produced, great importance and value, 
will merely incidental the main purpose. 

the writer’s belief that the well the letter Act 
which Congress organized the Federal Power Commission, makes mandatory 
upon the Commission incorporate its permits the same policy. Section 
the Water Power Act reads follows: 
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“That each applicant for license hereunder shall submit the 


sion satisfactory evidence that the applicant has complied with the 
requirements the the State States within which the proposed 


located with respect bed and banks and the appropriation, 
diversion, and use water for power and with respect the right 
engage the business developing, transmitting, and distributing power, 


any other business necessary effect the purposes under 
Act.” 


all the important new irrigation devélopinents California are 
irrigation districts, which are municipally organized State agencies and 


also important note that Section the Federal Power Com. 
mission Act states: 


“That issuing preliminary permits hereunder licenses where no. pre- 
liminary permit has been issued and issuing licenses new licensees under 
Section hereof the Commission shall give preference 


Finally, Section the Federal Power Commission Act states: 


“That nothing herein contained shall affecting 
affect any way interfere with the laws the respective States relat- 
ing the control, appropriation, use distribution water used irriga- 
tion for other uses, any vested right acquired therein.” 


Under these provisions the Power Act and the Water Com- 
mission Act the State California, the. writer can see possible inter- 
pretation the laws other than mandatory direction the Federal Power 
Commission adopt the State’s policy irrigation superiority and, when 
‘irrigation and power applications are conflict, especially irrigation applica- 
tions the State political subdivision thereof, cease attempts deter- 
mine relative values kilowatt-hours and acres irrigated. land. 
The apparent intention the Federal Power Commission act only co- 
operation with the State authorities has been further by. the 


“The development water power the lands the United 
the approval both and Federal Governments, the former 
granting the right use the water, the latter the right use the 
the Federal Water Power Act license may not issued until applicant 
has secured its water rights from the appropriate State authority. Under such 
the Federal Governments take corresponding action.” 


The second and principal part the author’s series 
action taken the Commission streams, three which are 
California streams. chief interest the writer because the con- 
spicuous absence the Yuba River which the most. important example 
conflicting irrigation and power with which the 
Executive the Federal Power Commission June stated 
his purpose recommend the rejection applications favor 

‘the power applications. This recommendation, the opinion, 
complete violation all the principles stated the first part the paper 


Fourth Annual Rept., Federal Power Comm., 1924, 10. 
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E., regarding the Colorado River, “in the face the mandatory 
the law that the Commission shall give preference from munici- 
palities” and “defiance law” (Federal Power Commission 

the three examples California streams discussed the author the 
Trinity and American Rivers were thoroughly investigated Special Board 


which included representative the State Department Engineering and 


Irrigation and which, therefore, embodied its findings the State’s irrigation 
policy. the third case, the Kings River, action was postponed until such 
time the applicant had complied with the requirements the laws the 
State California with respect appropriation, diversion, and storage 
water. all three cases, the action, the Commission was in, thorough 
accord with the adopted policy the 

strategic position the Yuba River, makes one the 
ant streams California. region the heaviest precipitation 
the Sierra Nevada Mountains (in the central the State), near the 
main centers urban manufacturing development, and lies opposite large 
bodies the best, and yet undeveloped, agricultural land the State. 


excellent reservoir sites high the mountains to. particularly 


valuable for power development. was the scene the spectacular fight 
years ago which the agricultural interests California the Supreme 
Court the United States checked hydraulic mining, the then leading indus- 
try the State; and for the past four years has been the battle ground 
‘of exceedingly bitter fight between power and agricultural interests, The 
power and mining interests were represented the Excelsior Water and 
Mining Company and the Yuba River Power Company, the latter par- 
ticular strongly organized and well conceived project for developing 
comprehensive way water-shed about 1200 sq. miles, with applications 
before the Federal Power Commission for the development 227000 h.p. 
The agricultural interests were represented the Nevada Irrigation District 
municipally organized under the laws the State California and proposing 
irrigate acres foothill lying, the main, between 
1000 and 000 ft. 

The Irrigation District operation with the Gas and Electric 
Company, the largest going concern Central California, proposes develop 
much the power resources the river still deliver the 
water the relatively high elevation which its 
ously, will get less kilowatt-hours per acre-foot of, 
the Yuba River watershed than the Power whose point 
delivery below the District’s lands, This latter referred Mr. 
Bryan’s where the irrigation features, any, the Yuba River Power 
Company are referred by-product power,. follows: 


[referring ‘by-product power plants] are distinctly different 
from such composite developments the project the Yuba River Power 
Company the Yuba River, where irrigation, mining, and power are 


Loo. cit., 911. 
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benefit jointly, and, which case the benefit either enterprise may 
considered by- product, the benefit stored water delivered for irri- 
gation.” 


The conflict centers particularly around the Jackson Reservoir 
site the Middle Yuba River elevation 800 ft., tributary which 
there average run-off 146300 acre-ft. Yuba, River Power 
this storage site even greater advantage than its water yield 
would indicate because its high elevation and its efficiency regulating 
the run-off from the lower part the water-shed. The District 
claims that without this water-shed, from which derives more than one-half 
its mountain water ‘supply, can never obtain sufficient water irrigate 
its lands. 

The Irrigation District has already with the Pacific Gas and 
Electric Company for the sale power potentialities contract 
(approved the State Railroad Commission California and the Irri- 
gation District Bond Certification Commission) means. which will 
derive revenue about $400.000 per year. This contract and this revenue 
dependent chiefly the Jackson Meadows waters conflict and the District 
economically unfeasible and cannot even begin development without these 
The Power Company the other hand, while demonstrating that 
the waters conflict would disproportionately great its project, 
has repeatedly admitted that. they were not absolutely essential, 

All these facts are matters record during four years hearings, 
joint hearings between the State Division Water Rights and the Federal 
Power Commission. the result these hearings and after the. most thor- 
‘ough investigation, the State Division. Water Rights May 19, 1925, 
granted the waters contest the Irrigation District, confidently assuming 
the Federal Power Commission, law required, would immediately 
follow suit. 

The District has voted bonds the extent 250 000 for the construction 
its works its financial soundness insured its contract for the disposal 
its power its economic feasibility and necessity have been testified 
formal resolution the State Bond Certification Commission and was 
actually ready proceed when received June the 
news that the Executive Secretary the Federal Power Commission pro- 
posed recommend the rejection its application for storage reservoir sites 
diversion from the Middle Yuba waters which already been granted 
the State California. 

The writer believes that the principles involved this Federal 
and State authority are vastly more far-reaching either 
the two other projects members the Society, the State California, 
and the Nation. Governmental developments within twenty years 
have taken the form steadily multiplying officials and commissions with 
overlapping authority. National Cabinet officer, Herbert Hoover, Hon. 
Am. Soe. E., has probably foreseen more clearly than any one else the fate- 
ful results this tendency allowed proceed unchecked. also 
one the few men big enough recommend decreasing the author- 
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come strongly opposed further Federal authority and has 
that greatest need Washington the ‘National 
Governnient and pass the the people the respon 

which have been gradually taken from them: The impassé which been 
arrived California. The Nevada Irrigation District, 
sion and agency the sovereign State California, the rights 
its water have never questioned, been awarded 
portion those resources and the Federal Power 
denying State the use Government lands. 
this conflict can quickly resolved, the Power Commission 
‘will ‘have lost ‘usefulness and resources, 
California, ‘will threatened the ‘same stagnation existed 


of, history, the. density population had become great that 
men could not depend The civilizations 
that have left any record were founded cultivation food 
the, oats, and barley; China, ricé; 
primitive agriculture was under irrigation. 

cal were destroyed to-morrow, mankind would: continue live and 
its service. may be, people are willing and 
pay greater rewards the producer luxuries than the producer 
the they are and the profits. 
power, development has more profitable than irrigation farming: 

much, the manufacturing industries and centers popu- 
electric, business feeds the centers and the centers 
irrigation. projects their and growth present 
opportunities for power production—often by-product. the water 
are alive the possibilities and available the question 
presents itself whether the power house should constructed the project 


*Cons. Engr., Redlands, Calif. 
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whether the power rights should sold power company. 
cases, all the, power can efficiently used for irrigation pumping 
the project Generally, however, the power sold and) the 
ment., The primary objective water users obtain the great- 
est net revenue with the irriga- 
tion. 

the irrigation district sells its power 
and the financial risk the out 
the, with its more less technical requirements, the 
other hand, the purchaser of, power rights expects make profit and will 
discount the risks and the future far them. 
arrangement must based the which the rights both 
parties are set forth. The will try protect the water the 
irrigationists; the power company obtain free hand water 
when most needed, for power purposes. 

Oycles wet and dry changing conditions irrigation 
may give important unanticipated advantage ‘one 
other the parties. power production may ‘either far greater 
than expected the power company find paying 
does ‘not get. 

Bitterness and between the contracting are 
the power house built and the water users and 
production basis, they immediately become interested the 
largest most saleable output from the water available. When the pinch 
comes, years drought, they will ready co-operate get 
contract that will prove satisfactory, when the interests 
along: lines. 

The modern properly installed, not 
difficult operate efficiently and Often, the irrigation dis- 
handle the plant with organization not much different from that 
which would required for the The hydro- 
construction the irrigation distriet larger investment and 
certain risks the business. However, the district'is position 
any one else, use the investment the advantage: risks 
must taken right power sold, they come 
the district lowering the consideration paid for rights. 
Minidoka Project, Idaho, and the Salt River Project, Arizona, 
are examples the that can power 
and irrigation, when the power owned and generated 
each instance, the use structures and regulation flow have 
revenue. has not yet certain the water 
would bitterly have fought the proposal some outside company 
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where the ultimate water are directly interested 


paper should take, place in; Utah where pioneer work done 
‘irrigation and generation distribution, hydro-electric energy, 
and where uses water have been co-ordinated to. extent.as 

The early settlers Utah were the the United States practice 
which the were conceived, Likewise, much valuable pioneer work 
the development energy water, power was 
Approximately thirty years ago construction was commenced hydro-electric 
plants Provo, Ogden, and Big Cottonwood Canyons, and, 1897, the 
voltage 40000 was placed distribute energy from the Provo 
Canyon plant. ‘Since that time, the development water power has been 
and supply hydro-electric energy has been 
made available over wide areas for lighting cities and towns, operating irriga- 
tion pumping and industries. especially interesting 
note that electrical service has been available larger proportion 
the farms Utah than any other State. the census 1920, 
which represents the latest authoritative source information, Utah was the 
head the list with more than 34% the farms receiving electrical service 
representing the average for the whole United States. 

There the vicinity Salt Lake City striking example 
co-ordination between irrigation and power Bear River the 
largest. stream, flowing into Great Salt the northerly slope 
the Uintah Mountains, Northeastern Utah, flows northward through 
Wyoming, enters Southeastern Idaho, and after making a,turn around the 
northerly end the Bear River Range flows southward into Utah dis- 
charges into Great Salt Lake. Southeastern Idaho flows near, but not 
through, Bear Lake, body water having area 110 sq. miles. means 
canals and other extensive diversion and control works, including pumping 
equalize completely the flow river below that point, not only during any 
oné year, but also throughout long series years. 

The total fall between Bear Lake and Great Salt Lake distance 
river approximately 200 miles 1720 ft. The flows alternately 
through open valleys and canyon sections. The valleys are irrigated and 
the canyons has been possible utilize for power development substantial 
part the total fall the stream. The use Bear Lake Reservoir has 
enabled the production large amount firm power, and the same 
time all irrigation requirements the river basin have been met. During 


Gen. Supt. and Chf. Utah Power Light Co., Salt Lake City, Utah. 


q 
| 
| 
q 
4 
« 
4 


the, year 1919 full crops. were raised the, 
ment Agriculture that year, the value crops release 
stored water from Bear Lake amounted between 000 000 and 000 000. 

the vital importance irrigation the arid States ‘is unques- 


tioned, the value adequate and reliable supply electrical energy must. 


not overlooked. addition the obvious advantageous use electricity 
for pumping irrigation water, the widespread availability electrical service 
from large interconnected systems has stimulated industries which depend 
agriculture and which, turn, create market for farm products: 
énergy has revolutionized industrial processes, has assisted greatly con- 
serving labor and has produced conveniences which have now become 
New and enlarged uses for energy are constantly arising, and 
‘inevitable that the electric power industry will become increasingly 
great importance the economic development the United States. 
Difficulties co- -ordinating irrigation and power projects many cases 
imaginary rather than Misunderstandings arise because lack 
reliable ‘adequate data, because failure analyze the information 
correctly. If, each case, the full facts are made available and are viewed 
disinterestedly from the standpoint economic practicability the projects 
involved and best results the general development the territory served, 
the solution the problem co-ordination will not difficult, should 
remembered, however, that two situations are either physical 
economic characteristics and general formula can and 
thereafter applied all future co-ordination greatest 
beneficial results obtained from developing the water for 
both important, uses. 


irrigation and power development not prime importance Colorado 
this time and this largely true the States the Rocky Mountain region, 
due primarily three factors: 


wide monthly and yearly run-off the streams 
the Rocky region would require the use extensive storage 
systems for the proper regulation flow meet the demands power develop- 
ment justify expenditures for such. purposes economical 

voirs are used almost wholly for irrigation and cannot converted power 
use without secondary storage which, under present conditions, would not 
economically feasible. 

Owing the necessities irrigation which paramount 
the semi-arid States, stream run-off over periods many months must 
stored and held reserve against the demands occurring later 
which demands usually cover only two three months. 


State Engr. Colorado, Denver, 
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Additional difficulties arise over the system laws and administration 
wherein priority claim for irrigation use must observed regardless 
where such claims occur stream. The time anticipated, however, when 
through proper legislation present priority requirements for irrigation uses will 
modified remove some the obstacles now faced the promoter 
hydro-developments. 

developments are extensive the Rocky Mountain 
region: (1) because the great deposits cheap coal which are found 
throughout this part the United States; and (2) because the attendant 
cost transmission over sparsely settled areas. Colorado, for the present 
least, investigations have shown that power may supplied more economically 
means steam-generating plants than from available water power sources. 


These conditions will doubtless: modified with the passing time, when 
greatly, density population and attendant demands, 
together with reduced cost, transmission, hydro-power possibilities, aggregat- 
ing seyeral million horse-power, will utilized. through proper legislative pro- 
permitting high state co-ordination co-operation between 
dominant irrigation interests and, power possibilities. Such co-ordina- 
tion must necessity come about rather slowly order that existing cor- 
porate and individual rights may not unduly disturbed the 
giving way the greater demands the public. 


: 
7 
q 
4 
| 
d ' 
7 
7 ; { 
q 
j iJ j tik ¢ 
. 
q ‘ ‘ } 
‘ 
Tract ! iV i 
. 


THE HEXAGONAL SLAB DESIGN 
PAVEMENT 


Discussion* 


pavement design the thought many practicing and research 
engineers ever since the automobile became such important economic factor. 
Many novel ideas have been developed and presented the solution that 
problem, but yet none has proved more than partly satisfactory meeting 
demands under widely different and varying conditions. full appreciation 
the limitations the several more generally adopted plans, together with 
thorough knowledge the loads, structural material, and soil conditions 
given locality, makes feasible select reasonably satisfactory type. The 
outstanding factor militating against satisfactory general design widely 
varying undependable supporting sub-grade. Until some means found 
reduce materially the number different critical conditions that can develop 
under pavement satisfactory structural study can made, that requires 
established maximum loading, knowledge the behavior structural 
material and type structure, and certainty permanency the nature 
and positions the supporting reactions. The only thing the writer can 
imagine that will obviate this fundamental difficulty provide supports 
that will carry the reactions soil level below that subject disturbance. 
design has been evolved along this line that practical, the cost which 
not materially above that present pavements. This discussion, however, 
will confined points agreement and disagreement Mr. Perry’s 
paper. 

The writer’s comment, elaborated subsequently, may summed briefly, 
follows: agreed that (1) corners pavement slabs are the seats 
greatest weakness; (2) corners hexagonal slabs are stronger than those 
rectangular slabs; and (3) improperly planned doweling across joints may 
produce serious spalling. the other hand, objected that (1) increase 
the number corners use hexagonal slabs may offset degree the 
advantage individual corner strength; (2) the position corners with 
reference traffic lines the hexagonal slab arrangement proposed subjects 
these weak places unusual punishment; (3) the regular zigzag line joint 


This discussion (of the paper Lewis Perry, Assoc. Am. Soc. published 
November, 1925, Proceedings, but not presented any meeting the printed 
Proceedings ‘order that the views expressed may brought all.members for 
further discussion. 

Asst. Prof., Civ. Eng., New York Univ., New York, 

Received the Secretary, November 1925. 
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making angle the center line the road possible source 
confusion (4) temperature curling at, corners that are coming 
continuously and suddenly under load aggravate conditions beyond 
normal; (5) absence shear connections with adjoining units permits times 
relative movement, displacement permanent nature, joints 
impact, otherwise negligible, may become formidable factor; and (6) 

soil which very water can reach and from which that little quickly 
drawn, built-up and sewered communities, the weaknesses any the 
slab designs would not, develop any great degree, 

Mr, Perry states his excellent presentation the common rectangules 
slab construction. develops weakness The, im- 
portance strengthening these corners recognized, more particu- 
larly since the publication results of, and conclusions, from, the “Bates” 
and the “Pittsburg” road been adopted for 
making, directly indirectly, strong the remainder 
the unit. Mr. Perry approves thickening the edges has incorporated 
that idea where he, necessity, has right angles; but the use 
dowels tongue-and-groove joints for transferring some the load adjoin- 
ing members, 

Objection dowels may justified. insufficient number and 
size bar together with open joint inevitably produce spalling which 
may eventually nullify the expected benefits from the steel. However, such 
spalling due excessive bending bars across open joint, caused 
closure the joint temperature, where dowel out alignment 
may corrected use bars proper size and number, make the 
bending negligible and the face-bearing area adequate. The writer believes 
from corrosion negligible because air and moisture 
the embedded metal; even the sliding ends bars are usually wound 

Tongue-and- groove joints are effective transferring shear load from 
one unit another and the percentage thus transmitted function the 
deformation the units, Exact calculations cannot 
made because the bugaboo—variable and indeterminate soil 
renders impossible predict slab deformation. Numerous 
service tests have given impressions carefully designed and made 
this ‘kind, and until other acceptable tests prove otherwise they 
may logically accepted satisfactory. 

readily acknowledged that. full hexagonal slabs are stronger the 
corners than rectangular ones, those corners remain weakness. 
The use half hexagons for pavements, recommended Mr. Perry, 
necessity, retain two the taboo right, critical points, place 
two, other right angles along center line, substitutes three 120° angles, 
all three, of, which are that, the left-hand wheels every vehicle 
traveling. right-hand: side the road the side, 
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casé heavy trucks. Vehicles traveling center will likewise traverse 


corners, that the weakest points pavement are suffering punish- 


ment all the time, condition not duplicated the usual rectangular con- 
struction. conceivable, therefore, that, spite the apparently greater 
strength, the hexagonal slab light lighter 
than the rectangular slab. 

ordinary “geology, climate” combination for any particular 
locality produces such great variation the supporting value for the same 
soil that number critical design conditions develop. Unless all these 
conditions have been reproduced approximated for the given case 
set tests can said prove the fitness design, even for the one case, 
much less for general use. Mr. Perry’s tests show the comparative strength 
hexagons and rectangles with the conditions load and support shown and 
described his paper. pointed out before, practice few loads will pass 
over rectangle corners compared with those hexagons the plan pro- 
posed. The test results, therefore, may not taken indicative 
relative service values. 

Absence ties between the pavement units collection free slabs, 
which, the worst, where soil conditions are very unsatisfactory, com- 
parable with field floating ice cakes. already stated the best sub-grades 
serve equally well for any the better slab types; the poorer sub-grades 
that require the special treatment many engineers are trying develop. 
The action soft soil under pressure extent comparable with water. 


develop the illustration, step one corner floating ice cake that 


point will down and the opposite side will rise; other words, will tip. 
The amount tip, the amount depression the corner, ‘greater. for the 
smaller cakes. step from one cake the, next, the one tends come 
back that next cake tips. There difference in, level between adjoining 
units during transit loads, condition that produce. impact with 
rolling load. the case pavement units similar vertical movement, 
bound its magnitude depending the stability the particular sub- 
grade, the size the slab, and the number load repetitions, 
such may insignificant, repetition may develop permanent 
difference level, Moreover, the impact developed horizontal component 
against elevated edge probably work the slabs apart laterally even 
reasonably good shoulders are maintained. For these the writer 
considers independent action slabs highly undesirable. 

Another point minor importance the comparative amount joint 
filler for the two types pavement. For given area the perimeter joint 
length hexagon the less, and the same may said for the half hexagon. 
Were the usual transverse joint spacings the same are requiréd the 
matter fact, however, there are enough fewer such joints usual 
rectangular design eliminate any such saving. This another instance 
where comparisons under different conditions modify change conclusions. 
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advantage the small units, offsetting degree the disadvantage, 
greater freedom from cracks developed the early stages setting when 
volume changes due moisture variation and temperature such 
small are fruitful sources beginnings from which develop the large 
disruptive breaks, obviously very reduce them minimum. 

discussing such practicability hexagonal slab design for 
highway pavements, the writer has had mind that should make his view- 
point clear. Although many the premises, conclusions, both, may not 
approved believes that consideration them all will helpful the 
final analysis. 
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STREAM POLLUTION 
SYMPOSIUM 


Discussion* 


Harrison Eppy,t Am. Soc, members the Sanitary 
Division are indebted Dr. Frost and the other investigators the United 


States Public Health Service for the fundamental work which they 


have been doing over period many years. Doubtless, they enjoy some 
satisfaction and encouragement knowing that their have 
provided much the supporting data and evidence used the Engineering 
Board Review its study and the preparation its report the 
disposal the sewage the Sanitary District Chicago. 

Thus far, the sewage has been disposed dilution, only insignificant 
part having received treatment prior the discharge into the Canal 
System. Among the interesting conditions the unique fact that the 
summer the Des River into which the sewage discharged 
nearly large its source its mouth. This due the great volume 
sewage and diluting water discharged the Main Drainage Canal the 
Sanitary District into what may termed the head-waters the Des Plaines- 
Tllinois River the natural flow which relatively small that season 
the year. the point confluence this flow usually few hundred cubic 
feet less per second, whereas the discharge from the Main Drainage Canal 
has been large cu. ft., which about 10% was sewage. 

Another matter great interest developed during the investigations 
the Board Review the effect the temperature. Dr. Theriault’s papert 
shows how the temperature has marked effect the volume diluting water 
required maintain certain conditions the river. The discharge pol- 
luting matter sewage into river during the cooler season the year may 
compared with refrigeration. Meat placed ice prevent its decom- 
position and change. sewage discharged into river during the winter 
the rate change will extremely slow, with the result that the volume 
diluting water required maintain certain percentage saturation with 
oxygen will relatively small. This condition has very important bearing 
many disposal problems and advantage may taken reduce the 
cost treatment industrial wastes and sewage many cases the 


Cons. Engr. (Metcalf Eddy), Boston, Mass. 
Proceedings, Am. Soc. E., November, 1925, Papers and Discussions, 1819. 


wate 
reac 
they 
tion 


EDDY STREAM POLLUTION 163 


northern part the United States. This has been done notably certain 
tanneries and paper mills Massachusetts. practicable for such 
industries reduce the treatment their wastes the removal settleable 
solids during, the, coo] season of. the whereas during, the period. high 
temperature may necessary carry treatment much further. This 
principle more fully the conditions Nature the economical 
disposal sewage and industrial wastes undoubtedly will occupy more 
important place the operation treatment plants the future than has 
the past. 

Another interesting subject, Mr. Streeter,* the effect 
deposits rivers. The study the Board Review showed that 
factor the disposal the Chicago sewage dilution, 
been many stream-pollution problems other parts the country. 

temperature upon the oxygen demand exerted 
matter water not different from the effect upon the oxygen demand 
exerted the organic sludge deposits. Solids suspended the 
water constitute trayeling load. winter,. those which are carried by. the 
currents from the source the mouth river may not great 
and they may then finally. disposed with similar ‘solids 
which may deposited bed the They also will exert 
small oxygen demand winter, but soon the temperature 
reaches point where proceeds rapidly the rate which 
exert their oxygen demand greatly increased. Thus, larger propor- 
tion the oxygen, demand the year’s solids exerted the two 
three months during which the oxygen demand the flowing load also 
highest, This illustrates the importance many cases always removing the 
suspended matter from sewage and industrial wastes even the oxygen supply 
the river water during certain seasons the year may 
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long time that effects concrete great and that 
quantitative data adequate for designing and for détermining practice light 
construction exposed the weather, such sidewalks, are lacking. 
paper is, therefore, welcome the present time. still 
remains done, and hoped that laboratories properly equipped 
for this work, will the causes change 
volume and the factors govern variation the effects temperature 
climate, ‘where the relative humidity may less than 20% for many 
days succession and where hot, ‘dry forenoons are followed rainy after- 
noons, the such knowledge evidenced the prevalence 
crazing marks and the large percentage concrete construction which 
disfigured cracks becomes disintegrated replacement 
necessary. Engineers speak for permanence”, and would 
happy feel assured that the motto reliably true with respect even 
severe weathering conditions. 

1918, the writer called attention§ failures con- 
crete pipe lines Continental, and similar failures Oalifornia. 
Continental, cement pipe made McCracken revolving packer-head 
machine—pipe unquestionably high-grade quality—failed soon after being 
put service, longitudinal cracks, one case crack approximately 
1000 ft. The pipe had been allowed stand the stockyard until 
had become thoroughly dry. The differential expansion the shell due 
absorption water must have produced high tensile stresses, inasmuch the 
pipe when tested withstood the stress produced pressure head more 
than 100 ft. water. The pipe was too “good”, broke itself; weak, porous, 
hand-tamped pipe never fails from this cause. study the causes 
these failures was found that joint pipe immersed water gained 
weight with elongation 0.056 per cent. joint that had been broken 
the internal-pressure testing machine and, therefore, had open crack 
one side, was tested immersing one-half the pipe, laid flat, water. 


1925, Proceedings. 


Prof. Irrig. Eng., Univ. Arizona, Tucson, Ariz. 
Received the Secretary, October 26, 1925. 


Bulletin 86, Agricultural Experiment Station, 1918; also, Engineering News- 
Record, Vol. 83, No. 118, July 17, 1919. 
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Fic. MARKS AND OPEN CRACKS 14-INCH 


CRACKS. 


CEMENT PIPE. 


[oO 


ste 

ve 


With the absorption water, mostly from the outside, the crack, 
about 0.045 in. and then slowly opened again. 

the pipe-laying program Continental was 
stacked three, tiers high the These pipe laid 
for sun and When examined them recently, the 
writer, discovered that, fully one-half the pipes bad condition, and that 
tion exterior and Fig. the interior the pipes. Most 
the tongue The grooves break off circumfer- 
entially, the pipe failed underground, similar 
longitudinal cracks jalong the top the pipe line. 

The crazing the exterior shows that the shrinkage both cir- 
eumferential and lengthwise. the interior, the cracks are more 
pronounced, and occur somewhat regularly beneath corrugations beads 
the outer surface, due probably the fact that the force 

Apparently the the outer part the pipe wall, the 

interior eracks and the rapid shrinkage the outer part caused the crazing 
the exterior McCracken. has very, surface, 
Hence; the absorption water and through the outer 
surface. cracks. occur those of, the pipe are relatively 
the 
Professor Hatt.has shown* that expansion relatively high 
with the free circulation air through the open-ended pipe the stack, 
would seem unlikely that the difference temperature the outer and 
inner surfaces would great. 

Crazing cracks are common, also, building floors that are continuously 
dry, and these cracks become progressively more pronounced year year. 
Sidewalks, ornamental park benches, and building steps Tucson, Ariz., 
suffer greatly from crazing cracks which develop into breaks and disintegra- 
tion. Fully one-half the concrete sidewalks have too limited life. Some 
these results can traced poor workmanship faulty curing, but 
means all them. 

The Bureau Standards has investigated the properties cement 
having high magnesia The effect varying percentages mag- 
nesia the expansion when immersed and the contraction when dried indoors 
lished results indicates that, neglecting two cements that were under-burned 
and unsound and three others, the high alumina series, that were manifestly 
abnormal, the expansion from moist-chamber air-dry condition varies 
directly with the percentage magnesia. The cement used the pipe 
Continental had high magnesia content, and there strong presumption 


Proceedings, Am. Soc. May, 1925, Papers and Discussions, 765. 
Technologic Paper No. 102, Bureau Standards, 1918. 
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that this had much with the failures and the destruction 
the pipe the stockyard. 

injurious action differential expansion. For massive construction and 
humid climates; the effects may but probable ‘that 

great interest note that Professor Hatt found wide 
the effect expansion and the six different 
brands tested. variation the expansion due 
temperature was slight. would value know the percentages 
magnesia the six brands. 

The thermal coefficient stated the author’s conclusions seems based 
the oven-dry specimen Fig. 6.* The ‘specimens have 
much higher coefficients. 

the case the beams warped the saturation the under can 
not assumed that part the resulting compression the bottom 
relieved warping, causing compression the side, and that tension 
exists the beam between the line saturation the neutral axis such 
extent that the horizontal initial forces (stresses) are 
remarked that, the eonditions shown Fig. 20(A)+ are reversed, starting 
with saturated beam, the effects the beam will much more injurious. 

During saturation specimens cement pipe was found 
that the expansion lags somewhat behind the absorption, suggesting 
molecule. 


Proceedings, Am. Soc. E., May, 1925, Papers and Discussions; 767. 
Loc. cit., 781. 
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CONTROL ODORS 
FROM SEWAGE TREATMENT PLANTS 


Discussion* 


the value discussion elicited from charge different types 
plants and illustrated conditions separated localities. 

Mr. refers the sour “caused the fermentation the 
great quantities mash that clog the gas vents.” the Irondequoit plant 
probable source being the wastes brewing processes.” This material 
one the reasons why small grit chamber may desirable plant limited 
care and plant remove most causes complaint, 

Keefer’s work Baltimore, the confining and 
their treatment, with chlorine, and points the way further 

Mr, Gillespie’s odor surveys** are excellent furnishing .comparative 
results. which may studied the light exposure, prevailing 
winds, type sewage, and care operation.. His statement, “daytime inspec- 
tions are invariably negative except most within few hundred 
odors evening travel many times corresponds with 
the writer’s observation and his explanation due con- 

The writer has assumed that any considerable quantities putrefying 
industrial wastes should treated before admission the public sewers. 
general, the expense such treatment should borne the interests 
involved rather than the general public. 

Mr. Gillespie’s Centro, Calif., indicate how trained 
and observant operator may relieve acute condition specific remedy. 
The plowing under activated sludge Lodi, Calif., and its local use 
fertilizer, doubtless the best solution for small plant suitably situated. 


Discussion the paper John Skinner, Am. Soc. E., continued from 
August, 1925, Proceedings. 


Author’s closure. 

Cons. Engr.; Deputy City Engr., Rochester, 

Received the Secretary, November 21, 1925. 

Proceedings, Am. Soc. August, 1925, Papers and Discussions, 1182. 
Loc. cit., 1187. 
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Mr. Hatton’s anent lagooning activated sludge interesting. 
states that Houston, Tex., little scum has formed, while Saltley 
the Manchester, plant refers the formation heavy top 
scum. 

his sludge lagoons are deep, and various sizes nearly 

“No appreciable amount forms the surface and 
will necessary for them [lagoons] stand several months before they are 
entirely dry. Odors are not during operation the 
lagoons, but upon allowing them stand for several months and dry out 
very offensive odor created upon again with sludge unless the old 

6.000 away where made nuisance some 7,000 Examination 
of. the indicate that they remained sour for month 
pasty sludge: There was thin, dry crust ‘was 
eonfine odors.” 

The lagooning has now been discontinued and the’ present 
coagulate the sludge with alum, dry and deep 
trenches. The latitude Pasadena 

the lagoons are operated continuously considerable depth 
practically open Pasadena the odor from shidge 
shallow became unbearable.’ Odors from lagooning apparently depend 
thé condition the sludge, the temperature, supernatant 
water, the scum, and method: writer; 
therefore, feels justified his statement} that, “In general, lagooning should 


Proceedings, Am. Soc. August, 1925, Papers and 1191. 
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HIGH SPECIFIC SPEED HYDRAULIC 


the important specific speed hydraulic turbines, 
been had the pleasure visiting, the 
reference has, been and was greatly impressed 
the tremendous size conduits leading the water from the 
wheels. The construction has been considerably delayed. due labor troubles. 
The Verkstaden Works Kristinehamn, Sweden, the builders the turbines 
for this plant, extended invitation the speaker! visit the works and 
had opportunity seeing the course construction. There 
for the movable vane Europe than 


such network power lines exists that nearly every plant constructed 


can operated its full capacity long available. 

Mr. has given formula which throws light inter- 

Mr. Jessop’s paper** has more Mr. Orrok’s sugges- 


Mr. has done valuable work and has made 


the His’ type runner the lower heads then would 
otherwise 


lies between, the Leffel wheel and the four- 
bladed “Nagler” wheel. hoped that the Engineering Profession will 


Discussion continued October, 1925, 
closure, 
|| Loc. 1000... bus ; é ") 
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making inventions and pursuing development work. The only way manu- 
facturer has recovering expenditures made for developments such have 
been discussed these papers having the exclusive use the devices thus 


tained the “High Hydraulic Turbines,” the 
writer would call attention paper, which after the pres- 
entation the Symposium, Franz Staufer, Munich, Germany, entitled 
“Influences the Efficiency Water brief abstract this 

Referring the writer’s the variation efficiency with 
size turbine, interesting note that Mr. Staufer has taken this 
same subject along similar lines, has developed formula the same form, 
and has arrived the same numerical value exponent the ratio 
diameters appearing the formula. 

Mr. Staufer mentions the point noted the writer that the change 
efficiency water turbines diameter and head, first formu- 
lated Camerer, was based the formula Instead using the 
Biel formula, Mr. Staufer, proceeding along the same lines the writer, has 
based his work upon the exponential expressions for the loss head fluid 
flow and using numerical values taken from the work Reynolds, Schiller, 
Jakob, and Erk, has derived the formula: 


Staufer’s notation being here modified correspond that used the 


Adopting value for the exponent, c,, this formula then becomes: 


this formula, denotes the mechanical efficiency the turbine, that 
(expressed percentage), 100 minus the percentage, loss mechanical 
friction bearings, ete. 

will noted that the effect diameter derived Mr. 
Staufer the same that proposed the writer. number 
comparative tests investigated the writer indicate that the exponent 


the ratio ‘should even smaller figure derived 


Mr. Staufer. Unless the heads very the change 
only minor effect. Since the mechanical losses 


Cons. Engr., Morris, Dept., The William Cramp Sons Ship Engine 
Co., Philadelphia Pa. 


Proceedings, Am. Soc. B., August, 1925, Papers and 
Zeitschrift des Vereines deutscher Ingenieure, March 28, 1925. 

Die Wasserkraft, May 1925. 

Proceedings, Am. Soc. E., August, 1925, Papers and 
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sizes are very small, believed that these losses need not separated from 
the total loss, and has been found that the simpler form expression pro- 
posed page 1012* the writer’s paper can applied satisfactorily the 
total efficiency the turbine with the value the exponent there stated, 


Mr. Staufer’s paper also interesting results recent tests 


Proceedings, Am. Soc. Papers and Discussions. 
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REPORT THE 
JOINT COMMITTEE STANDARD SPECIFICATIONS 
CONCRETE AND REINFORCED 


Discussion* 


the Joint Committee for fine aggregate includes the color test, which 
specified Section 11,§ follows: 

“Sand when tested show color not darker than the 
standard color, unless complies with Section 

Does not the last sentence this clausé render the color test valueless 
far specification concerned? appears that the only ground for the 
rejection any material would its failure comply with the mortar 
strength tests. 

The color test is, course, generally used preliminary field test, but 
writer’s experience has led the conclusion that not necessarily 
true index the value the sand for concreting purposes, unless supple- 
mented mortar tests. This would appear the viewpoint adopted 
the Joint Committee, but this event unnecessary specify the color 
test. 

One sand recently tested for the writer showed very bad color, while 
the mortar test showed strength equal that standard sand. The writer 
believes that organic material may such nature have injurious 
effect the durability the concrete, although perhaps not reducing its 
initial strength below the specified requirements; he, therefore, would hesitate 
use sand showing bad color test even did comply with the mortar 
strength test. However, the writer has had actual experience which would 
substantiate that idea, and, therefore, would much appreciate any information 
this question. this idea correct would appear that the aggregate 
should pass the color test, irrespective its behavior under the mortar strength 
test. 

Discussion continued from December, 1925, Proceedings. 

Asst. Civ. Engr., State Comm. Victoria, Melbourne, Victoria, 
Received the Secretary, November 18, 1925. 


Proceedings, Am. Soc. October, 1924, Papers and Discussions, 1170. 
Loc. cit., “Mortar Strength Test”. 
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‘MEMOIRS DECEASED MEMBERS 


which will amplify records printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


f 


Edward Beck, City Lynchburg, Va., died that city 
October the profession had dedicated his life lost one 
its ablest and most successful members, Although was only forty years 
the time his death, his accomplishments were already conspicuous 
field municipal administration, and had reached the position 
ment. 

Adam was born January 19, 1888, Peru, Ind., the son 
John Catherine Magdelan (Silberman) Beck. 

After attending the local schools, entered Purdue University, 
from which was graduated with the degree Bachelor 
received the degree Civil Engineer. 

From 1906 1914, prior and during his college course, 
engaged engineering work, ranging from preliminary for local 
electric lines construction important railroad terminals. During five 
years this period served Division Engineer the Wabash System and 
had ‘supervision the location construction the important terminal 
Detroit, Mich., including the negotiation for municipal franchises, valuable 
training for the which afterward adopted, and which was 
real pioneer. 

1914, was called the Borough Edgeworth, Pa., Borough Man- 
was the first position Pennsylvania and was 
experiment was, however, successful, that’ genéral were 
promptly enacted the State, permitting the adoption the 
Manager government. During 1917} also Manager Sewick- 
borough contiguous to’ Edgeworth. doubtful whether this unique 
serving two cities such capacity the same time has been 
‘any other City Manager. 

Mr. Beck resigned these positions, was elected, from among large 
number aspirants, the position City Manager Goldsboro, being 
the first this position for that During the period 
mately two that served this capacity, displayed marked ability 
administrative officer, and gained experience the 
conduct municipal affairs. 

civil position enter the Army during the World 
War. first the Sanitary Corps, was later 
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Army and placed charge water supply, sewage disposal, and mosquito 
control, Shelby, was under. orders for overseas service when 
the Armistice was signed. 

After his discharge from military service Mr. Beck again entered the field 
municipal management and was Manager Auburn, Me., 
where also held the position Chief Engineer the Water and Sewer Dis- 
trict. marked was his success this position that the municipal authorities 
Lynchburg, Va., after careful the entire field, available candi- 
dates, elected him its first City Manager, entered, upon the duties his 
office Lynchburg 1920, and continued this until 
his was caused following operation. 
Mr, Beck brought the the affairs Lynchburg 
experience that fitted him for the tasks there presented, having dis- 
played such unusual ability, untiring for organization and 
management that won the entire community the ardent support the 


new of, government, although number its citizens first bitterly 


States, and became definitely as.a distinguished in; this 
new 

the death Beck had just completed. the 
burg... The work involved from iron, structure 
thousands dollars ‘the city. Because the unusual height length 
the viaduct perhaps, the most. work character 
ever undertaken and has attracted the interest engineers all 
its. completion will unveiled, with 
public ceremonies. 

Mr. Beck. for the thoroughness his knowledge 
details the administration, municipal affairs... there- 
fore, man prompt decision and unusually The City 
Council soon learned that could with follow his 
intelligently eonsidered 

He. was and consideration; and absolute 
The humblest could always gain access him 
attentive hearing. The influential person could not secure 
concession that did not deem fair and just all. 

Possessing vigorous mentality and dauntless courage, could main- 
tain conclusions with forceful any forum, strong 
debater. was often called address audiences interested civic affairs 
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citizenship and public 

Mr. Beck found ‘most’ congenial atmosphere 
and further attested when the news untimely and 
death shocked the city, community was 
siohs personal sorrow were heard from those life.’ 

Business was suspended throughout the during the funeral ceremonies, 
when his body was borne its last resting place 
individuals, while throngs people share this 

Although years, his life service: filled with 

Indianapolis, Ind. 

ternity, having been Mason, Knight Templar, and 
organization. 

Mr. Beck was elected the ‘American Society 
Engineers May and Member November 26, 


the son Robert Forbes native Scotland, and Mercedes Prats 
Robert Forbes Budge was ex-officer the British Navy, who after 
the surrender Napoleon from the service. two 
voyages Chile, the first 1818 and the second 1820. then remained 
Chile. Enrique Budge was the seventh son 
Bloom and Goldfinch Valparaiso, specializing mathematics. 

Budge began his technical 1863 the Victoria Foundry 


Memoir prepared Edward Budge, Am. Soc. 
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assistance him his subsequent work. joined the forces 

Quillota Railway, then under construction 
English engineer, George Lloyd. was Chilean 
and, 1867, undertook the work turning the course near 
This river, due extraordinary, freshets, had inundated the neighbor- 
ing farms, and Mr. Budge opened for its flow cutting the rail- 

‘on the Valparaiso and Santiago This, work included align- 
ment the track, which Hondo River distance 
bridge tunnel cross the stream, consequently low maintenance 
cost, was desired. the.old bridges, had been built ten 
previously with arched. spans and were, different, 
difficulty was encountered because the enormous expense, entailed, including 
Santiago Railroad. 

From 1870 1872, Resident Engineer, Mr: Budge 
stracted the Los Vegas and San Felipe Railroad, branch main, line 
branch. line Los the point the Chilian 
Transandine Railway Argentina through the via 
Engineer, the and Santiago Railroad, including the Los Andes 
Branch. 

the Curico and Angol Railroad and the Chillan, Concepcion and Talcahuano 
Railroad, total length 425 Technical financial difficulties began 
with the contractors and the bankers who were provide the funds for the 
work, consequently, with the Government itself: Budge, 
judgment and knowledge railway construction had already greatly helped the 
Government similar occasions, was proposed Engineer: 
the enterprise, and was immediately this 
mutual agreement the three parties concerned, this 
part the Chilian Railway System was most difficult, the 
railway extends the southern, part the all the rivers 
winter. Moreoyer, the large bridges included/in the were, 
temporary on, account the cost involyed and the time for permanent 
ing the winter, the were how to,comply with the 
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Government requirements; but, fortunately, Mr. 
sound, advice overcame, all difficulties, 

the and working railroads Europe and the United States, but 
Chile before finishing his commission, having visited European, countries. 
appointed Resident Engineer the Santiago 
Railroad 1880, and 1881 was appointed Engineer and Director 
the new mole Valparaiso, very complicated 
work which required foundation fifty- three caissons, 100 ft. 
long, and 113 ft. diameter, sunk by. the and filled with 
mortar., this foundation iron bridge girders were anchored, and system 
‘smaller girders supported. pavement, laid steel, 
this were embedded the tracks hydraulic cranes 
for unloading material directly from the and also tracks for hauling 
loaded and cars, 60-ton hydraulic crane erected for 
extra heavy This mole has stood Mr. Budge’s enter- 
prise, for neither. storms nor the great earthquake 1906 did the least damage 
the solid foundations this unique structure, During these 
studied and carried out for the systems of, Towns 

Engineer Chief the whole for Government railways from, Valparaiso 
Talcahuano and Angol. He, therefore, undertook the work reconstructing 
all the important temporary bridges, which, haying under economical 
conditions, were actually great hindrance railway traffic, particularly 
winter freshets were sure destroy some the bridges and embank- 
ments. Among many others, he. reconstructed the Nuble Bridge, the Laja 
Bridge, and the Bio-Bio Bridge, each 500 long, 50-m. spans., The abut- 
ments and were built, the pneumatic process because these’ rivers 
carry such volume water that other form foundation 
satisfactory. 

Mr. continued his with the Chilian State until 
1894, during that time, served the State 
Railways 1885, 1891-92, and work these railways was the 
importance, and involved, addition the construction bridges 
previously mentioned, new lines, stations, making 
accordance with the engineering practice. 

tion merchants and manufacturers formed business 
interests), since 1883, and served Counselor 1889; Vice-President, 
President from 1902 Due his important and long 
service he. nominated Honorary President, which office held 


schools, Santiago, and each the following, towns: Chillan, 
Valdina, Serena, and 
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Buffalo, Y., and was given charge Commissioner 
for Chile. was due his unfailing energy and propaganda favor 
this ‘plan that his ‘country was able hold most 
position that World’s Fair. 

1904, was again appointed the Government take 
National Exposition, which was carried ‘out the 
Sociedad Fomento and was great triumph for Chilean industries. 
The thanks these industries were tendered Mr. Budge who had devoted all 
his’ experience the success the undertaking. 

acted Consulting Engineer Clarke Brothers who had con- 
cessions from the Chilean and Argentina Governments for building the 
Transandine Railway Argentina. When the proposed plans were submitted 
the common steam locomotive reduce the general gradient 8%, the 
proposed plans had included series costly loops and tunnels. Mr. Budge 
once the higher grade and the use the Abt rack The 
grasped the idea and new. were 
drawn using grade 8%, with rack line, which resulted great economy 
cost and time construction. This crosses the Andes height 
500 ft., through tunnel 144 long. 

Mr. Budge acted behalf the Government Engineer 
report the proposal’ for the construction the graving dock 
Taleahuano; also reported the construction wharves and quay walls 
for the Port Iquique and mole for 

‘The terrible earthquake Valparaiso August, 1906, which 
this and neighboring cities and resulted enormous losses through death 
and fires caused falling houses, most serious 
regards the the city. Mr. Budge was called the 
Government undertake this work which required experienced engineer. 
New plans had laid out, new grading from hills the sea-front, new out- 
lets streams, new streets—in short, new city had designed with 
modern causeways and footpaths, with expenditure 000 000 gold. 

Having completed work reconstruction, Mr. Budge was nominated 


Government European and North American firms. devised sound 
method financial accounting for materials provided the railways and 
including those used the quay 
walls and breakwaters Valparaiso, firm Pearson and Son, 
held that until 1920, during which time the 
principal manufacturing establishments Europe and the States. 
his return Chile, Mr. Budge was appointed Director various indus- 
trial corporations, held until his accidental death. 
endeavor pass through crowd one the banks Santiago, fell into 
deep trench recently opened for the layout cables, striking his 
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chin. concussion the brain which developed 

was the first President the Portland Cement Melon”, the 
jean truly said him, that 1910 plan was carried out 
the Government Chileam icontfactors without his endorse- 
‘ment, that his name with ‘almost public works 
structed Chile during the last fifty years. 

Mr. survived his widow, Mrs. Carolina Zafiartu Budge, and 
three children, Olga, wife Chilean Minister Great 
Britain, Carlos, and Enrique; 

and also Member the) Institution Mechanical 

Mr. Budge was elected Member the American Society Civil Engi- 


) 


‘May 1925. 


unfortunate sinking the Steamer Norman the Mississippi River 
below Memphis, May 1925, took large. toll from. the member- 
ship the Society. this number was Stephenson Waters Fox, Paducah, 
Ky. 

August 1856. was graduated from the Rensselaer Polytechnic Insti- 
tute, Troy, 1876 as.a Civil and following his 
graduation, Mr. Fox, like many young engineers, that day, obtained his 
early experience railroad surveys, these engagements rail- 
roads Southern Indiana, Kentucky, and Tennessee, 

1876, short with the Snead and Iron 
the Jate Brig.-Gen, Charles Suter, (Retired), Am. E., 
the Mississippi River. remained, Assistant Civil 
Engineer with the Corps Engineers, until this period 
had large degree responsibility for the design and construction 
important. principally revetments for the 
Rivers tributaries, Choctaw Bend, Mississippi 
Qity, St. Charles, St. Joseph, Kansas, City, 
Mo., and other points the Missouri River. 

Memoir prepared Charles Loweth, Past-President, Am, Soc. 
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1903, Mr. Fox resigned from the Government opened office 
Kansas City, Mo., Consulting Engineer, specializing 
ments, the construction levees, and land ‘this capacity 
with much credit, several railways, other 
tions, difficult projects considerable magnitude and also 
large suction dredges: period, was for several Chief 
Engineer for the Union Terminal: Railway Company, Joseph, Mo. 
similar character. 

1917, when the United States entered the World War, Mr. Fox was 
commissioned Major the Engineer Reserve Corps, and served with credit 
the Division Inland Waterways the United States Adminis- 
tration Contracts and Construction. After the close the 
Major Fox became associated with Stevens, Marine Engineers, 
New York, and while with this firm designed for 
the’ Erie Canal. 

1922, became Consulting for the 
large producers railroad ties, telegraph poles, This engagement neces- 
sitated his removal Paducah, Ky. addition the. questions timber 
treating and transporting ties and poles river, had presented him 
many new and novel problems, such the design special machines and 
floating equipment for handling product. these brought bear 
those qualities patient, thorough, and open-minded investigation which were 

him and which had contributed largely his success and 
‘had won for him the hearty commendation employers. His zeal and 
interest new yet practical, problems him much 
younger than his years. 

Major Fox was considered authority levees, bank protection, and 
other kindred problems relating the the Missouri River, which 
had given much careful and enthusiastic study. 1905, presented 
‘to the Society noteworthy paper entitled “Technical Methods River 
Improvement Developed ‘on the Lower Missouri River, the 
Government, from 1876 

Outside his professional work, Major Fox always found time and interest 
for worth-while activities and lent his assistance many enterprises 
that promised good the community. Although resident Paducah for 
only thrée years, was, the time his death, President the local Lions 
Club; had been for some time member the City Planning Commission 
and had been appointed its within month his unfortunate 
death. For many years was active member the Church. 

Fox was man culture and appreciation, fair-minded, 

had genial and happy disposition and made and retained 
friends. one may judged his aspirations and ideals, his 
accomplishments, the sentiments the following verses, typewritten ‘of 
which was found his remains, reflects some the measure the 
man: 


Transactions, Am. Soc. Vol. LIV (1905), 280. 
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you can hold your cold, dead hand 


All you can hold your cold, dead hand 

you hold your cold, dead. 
what you, given away. 


large share, built control the river, are yet unconquered 


t 


DECEMBER 1925, 


born Milford, where Hussey lived few 

June, 1908. immediately entered the employ the Providence Engi- 
neering, Works,as charge automobile experiments and testing, 
that firm, March, 1909, when became member 
experimental, work relative street power with this 
company designed and supervised the construction extensive car, barn 
facilities and 
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From July, 1912, Mr: Hussey served Bridge Engineer 
for the Rhode Island State Board Public Roads and such supervised 
the design and the construction all bridges the System. 
addition, conducted the investigation for and designed the proposed 
000 000 Washington Bridge Seekonk River; which connect 
the City Providence with the Town East Providence. Previous his 
death was directing the examination and preliminary design for proposed 
toll bridge across Mount Hope Bay connect the Island Rhode Island, 
which located the Newport, mainland Bristol. The 
construction this bridge being promoted order provide direct 
route between the Cities Providence and Newport. 

Among the many original ideas which Mr. Hussey introduced the con- 

struction concrete arch Rhode Island design which 
allowed approximately 50% reduction volume abutments and arch 
rings for given width road. This design for the carrying side- 
walk and railing brackets anchored the arch ring. the back these 
brackets lay inclined spandrel walls which materially reduced the dead load 
due the spandrel This construction made necessary light 
sidewalk railings the Hussey again exhibited striking 
originality. 
strength His for contraction! joints permitted 
larger range use these troublesome features of.construction, and whenever 
became necessary combine concrete with other materials his were 
unique and effective. 

nature Mr. Hussey was ‘quiet, studious disposition. mani- 
fested itself his investigations concrete mixtures applied the State 
bridge work and the construction his which was concrete. 
originated most the standards now vogue his Department; these 
included elaborate file records, photographs, and cost data. fact, 
the whole conduct the State bridge work became highly systematized under 
his direction and this large measure accounted for its success. 

was also keen student structural design. 
marked striking originality, had the saving virtue 
numerous instances put them into practice the great’ economy the 
State bridge work. his conduct his Department, was noted for his 
rigid, almost inflexible, applied alike his colleagues, con- 
tractors, and himself. 

spite reserved outward manner, most friendly and 
companionable. This became very evident those who knew him social 
professional organization For several years was Secretary 
the Technology Club Rhode Island (graduates the Massachusetts 
tute was also the Providence So- 
ciety. His attitude these services was always one helpfulness and his 
were characterized innate thoroughness and conscientiousness. 

Few demands were made his help without willing response and duties 
did undertake without their 
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adopted unanimously the following resolution 


“Whereas, hath pleased God his divine wisdom from 
earthly labors Hussey, our friend and 
“Resolved that the. State Roads sense severe 
loss the decease highly efficient and its staff. 
Throughout his thirteen years association with the State Board Public 
Roads performed faithfully and well every task him assigned. ren- 
dered public service which may justly pointed with pride and held 
inspiration others into public service; and further 
this hereby express the family the late 
Clarence Hussey its most sincere sympathy their bereavement, which 
further 
“Resolved that this spread upon the minutes this meeting 
and that the and. hereby directed transmit copy hereof 
the family our and Chief Bridge 


years previous his Mr, Hussey, who was unmarried, 
sister, Mrs. Frazier, Providence. 

nical societies, and various bridge. structure committees the 
American Association State Highway Officials and the National Research 
Council. 

Mr, Hussey was elected Member the Society Civil Engi- 
neers April 1924. 


1925. 

Virgil George was born uly Regio, the Province 
Emilia, Italy. orphan when very young and, with his two 
brothers, was rémoved where received common 
school education and was taught his native the age iof 
eleven, young Marani from school, but was brought back and 
Conway, located Liverpool, England. served this ship for two 
years and then was given discharge considered 
mined build physical strength, the world, thirteen- 
year old boy shipped full the Merchant 
which, that. time, the largest the began 
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igated the globe twice, and had sailed many Cape Horn and the 
Cape Good Hope. 

coming age, 1889, Mr, Marani his share, his 
had. the good judgment, and the ambition this money, for his 
education through high school and university. Within four years had 
completéd both and university work, having’ been from 
the Toronto 1893, with the diploma Civil 


and immediately following graduation was engaged 


Party and General Inspector for Edward Ball: 
Within year after his graduation from the University Toronto, 


Assistant Engineer with the Cleveland Gas Light and 
1900 was promoted Engineer Construction, this’ position 
for six years. this capacity detailed and’ planned all buildings; machin- 
ery, foundations, etc., for plant covering more than eleven acres. 

From 1907 1909, was Engineer Superintendent 
County Court House, Cleveland, Ohio, monumental costing 
Following the completion this building 1910, was ap- 
pointed Building Commissioner of, the, Gity,,of, office 
held for one year. During this time revised the City Building Code, estab- 
lished fee system, etc. 

1912, Mr. Marani engaged practice and designed and super- 
intended the construction all types. also served 
sulting Engineer for the National, Fireproofing Pittsburgh, Pa., 


pany, leaving this Company serve during Representative 
the War Service Committee Gypsum. From 1918 until sudden death 
The Gypsum Industries. 


genial and friendly personality, was with and 
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was also member the and the Lake 


Merriman, the son and Lucy Merriman, 
tain Nathaniel Merriman, who came from England Boston, Mass., 1632, 
settled in, New, Conn., about 1640 and was, 167 one the founders 
Wallingford, Conn. His mother was descendant John Hall, who came 
from England Boston 1633, settled New Haven 1639, and who also 
was one the founders 

Mansfield Merriman received his early education the South Center Dis- 
trict School Lewis Academy, both situated Southington. 
left and went work his father’s farm, was employed later 
factory and printing office, taught country school, studied 
veying, and mathematics his spare time, and April 1867, was 
County Playfair’s Euclid was his first technical book, but 
early the habit regularly buying 1866 total 
income acquired thirty books cost $27.50. These included 
claimed most his effort, time was devoted surprising 
degree literature, history, and poetry. Along these lines well 
pleasure and 

his father’ stern: opposition; the aid his 
New Haven passed the entrance examinations Shef- 
was President his his unior Senior years, dnd was 

New Haven, was engaged bridge construction for months 
and became Assistant Civil Yale University which 
position until During these years. resumed his studies the 


Memoir following Committee: Horace Andrews, Chairman, Walter 
Okeson and Hill, Members, Am. Soc. 
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Yale Graduate School, receiving the degree Philosophy, 1876, 

1877 and 1878 was Engineering and Astronomy 

at. Yale. 

the fall 1878, Mansfield Merriman went Lehigh University, Beth- 
lehem, Pa., Professor Civil Engineering. Engineering education was 
then its infancy, few textbooks with little the proper 
technique teaching. With his advent Lehigh began Professor Merriman’s 
great contribution engineering education, first, the form teaching 
methods that rendered complicated subject simple that boys his lecture- 
room were astonished find his conclusions already formulated their minds 
before stated them; and, second, the creation series textbooks 
quite unequalled the time their publication, and many which, after 
thirty forty years, are still daily use colleges. This latter fact was 
made possible the careful and constant revision given these textbooks, 
many which ran through numerous editions. 

Perhaps other man contributed much the success Lehigh Uni- 
versity engineering school, had great influence the establish- 
ment. her ideals and practices. His own rapidly advancing reputation 
and engineer did much attract favorable attention this young 
school, and the high standards set his Department induced similar standards 
all the other Engineering Departments. 

the Annual Convention the Society City Mexico, 1907, 
Professor Merriman was present, and must have very 
gratifying him, was most enthusiastic, especially the assemblages 
the Mineria, his former pupils had again the meet- 
ing him. Many the engineering works, shown the members present 
that Convention were carried out the Spanish speaking students who, had 
been under Professor Merriman University. 

Lorenzo Perez Castro, Am. Soc. The Revista 
Ingenieria Arquitectura for August 15, 1925, wrote: 


“During half century, Merriman, great educational force, 
ingly expounded the principles directness simplicity teaching 
and instruction. Through natural inclination from 
mathematician and man science. had recourse all the 
fountains within his reach the effort satisfy the divine desire. steps 
the ladder acquired Latin and Greek well French and German, all 
and his pure constructive work, beneficial his fellow men, will 
manent and lasting. will live his pupils and those 
who, through come, are profit his instruction and writings; 
and when; the course time, his books applied studies become antiquated 
throngh the natural evolution human knowledge, the master will remain 
embodied his subjective life, life with that worthy legion 
men who live for humanity.” 


What Mansfield Merriman did for Lehigh large way, did 
for many other engineering schools indirectly through his textbooks, and the 
whole Engineering Profession owes great debt him. 
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appointed Mayor Low, New York, report plans for the 
Manhattan Bridge: across the East River. Professor Merriman was also for 
1881-85, Acting Assistant the United States Coast and Geodetic 

the University Pennsylvania conferred Professor Merriman 
the degree Doctor Science, and, the degree Doctor 

1907, resigned his position head the Civil 
ment Lehigh University and consulting practice New York, 
specializing hydraulic problems and design and construction. 

thesis for the degree Ph.D. Yale, “Elements Least Squares”, having 
Engineers’ Pocket Book,” beginning 1908 (first issued 1911; Fourth 
1920); Associate Editor Johnson’s (now Appleton’s) 
Encyclopedia, 1892-98, having written and edited the articles Civil, Engi- 
Joint, Editor with Woodward “Mathematical Mono- 
(twenty-one volumes), published from 1921; author “The 
Theory and Calculation Continuous Bridges” (1876); the 
Methods Least Squares” “The Figure the Earth” 
“Method Least Squares” (1884; Eighth Edition, 1911), translated 
into Spanish; “Mechanics Materials” (1885; Eleventh Edition, 1914); 
“Treatise (1889; Tenth Edition, 1916); “Strength Mate- 
rials” (1897; Sixth Edition, 1912); “Elements Sanitary Engineering” 
(1898; Fourth Edition, 1918), translated into Japanese; “Precise Surveying 
and Geodesy”. 1912); “Elements Mechanics” 
(1905); “Elements (1912); (1915); 
“Recreations Mathematics” (1917), published under the pseudonym 
Licks”; joint author with John Brooks, Assoc. Am. Soc. 
for (1895; Fourth Edition, and with Henry 


volumes (1888-98; Fourth 1917). also 


occasions the papers and discussions the and various technical 
magazines. Engineering its number April 17, 1924, cele- 
brating the completion fifty years its engineering work, contained (page 
649), specially prepared paper from Professor Merriman. The total number 

various ‘scientific and mathematical organizations, Pro- 
fessor, Merriman contributed. their proceedings. and numerous 
articles for the and press. was one the founders 
the Society for the Promotion Engineering Education and its President 
1896; one the original organizers, 1898, the American Section the 
International Materials, holding the office 
man the organization until 1900; was, therefore, one the charter mem- 
bers the American Society for Testing Materials the time its organi- 
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American Association for the Advancement Science and Vice-President 
the Engineering Section 1894;. member Philosophical 
Society; American Institute Metallurgical Engimeers American 
Mathematical Society; New York Academy Sciences; 
Club, New Y.; re-elected President Class 


Lodge, and M., Pa., and former District. 
Master. 


said: 


Mathematics’. those simple and wonderful articles which that 
great man prepared for the express purpose influencing 
America, and explains how mathematics lies the foundation surveying, 
engineering, and astronomy. occurs reference the 117th proposition 
the 13th book Euclid’s Geometry, and Plato 
man not understand this proposition not ranked among 
rational creatures. This essay first came into its 
perusal greatly impressed me, especially the reference accord- 
ingly sent New Haven aunt, who went there twice year buy 
supplies for her ‘millinery copy Euclid, which 

tunities for estimating the influence which teachers exert. ‘Time only 

allows here say that such influence seems light outside the 
exercises. Teachers who out the bleachers hats 
most awkward position, which injures all parties, The influence 
teachers upon seems lie almost in, training proper 
habits order and obedience, and securing from satisfactory atten- 
tion the lessons ‘assigned. interest study, 
come boy not from teachers but fellow students, 
and books. the, whole then, seems for eonfine 
himself zealously the work instruction, being always strictly impartial 
attempting influenée his pupils, attain the highest, degree 
success. 

Proceed means ahead, but succeed means to, get there. 
With all young men and young women who have formed, purpose, there exists 
ambition succeed, this end hard ‘work necessary, and also the 
results this work must little better than those the and 
unless the worker rejoices work and, seés brings 
each year better and better results. not the attainment 
money fame, but rather the joy satisfaction the work itself and the 
judge 


incident played direct part formulating Professor determination 
to,go out great world which lay his ancestral 
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“And the message that would fain try bring this: Have joy your 
labor, and then your work shall well done; perhaps also some results 
that work shall exert inspiring influences directions which you yourself 
not 

Professor Merriman was married 1875, Wanda. 
Posen, Germany. survived five children, ‘Thaddeus, Lucile, Alice 
Pauline, Richard Mansfield, and Norman Nathaniel, issue this marriage; two 
the and Richard Mansfield, are members the Society. 
Mrs. died March 10, 1889, and Professor Merriman married 
May 24, 1891, Anna Rosina Godshalk, Bethlehem, Pa., died 
anuary 1907. was married for the third time June 1910, New 
York City, Bazena Treat Downes. There were children the second 
third marriage. 

Professor Merriman was elected Junior the American Society Civil 


AMBROSE VINCENT POWELL, Am. 


1924. 


(Dunbar) Powell, was born Laurens,.N. Y., May 1847. attended 
the Cooperstown, Y., Seminary and, later, studied Rensselaer Poly- 
technic Institute Troy, Y., from which was graduated 1868 with 
the degree Civil Engineer. 

Mr. Powell was engaged general engineering work, 
and, 1871, became Assistant Engineer the Oil and Alleghany River 
1875, held the position Engineer the Michigan 
and Ohio Railroad and 1876 and 1877, was engaged general engineering 


Battle Creek, Mich. 


1878, became Engineer for the Receiver the Chicago and North- 


Grand Trunk Railroad Company and, 1879, was Principal Assistant 


Engineer the Chicago and Grand Trunk 1880 and 1881, was 
Principal Assistant Engineer the and Western Indiana Railroad 
‘and 1882 and 1883, Engineer the South Chicago Dock Company. 

1884 and 1885, was Chief Engineer and Superintendent the 
and and Dock Company, and from 1886 1888, 
Engineer and Public Works Hyde Park, then 
Chicago, 


1889 until his death, Mr. Powell was private practice 


Civil Engineer Chicago, making specialty dock and harbor 


work. built the lake front harbor improvements Ashtabula, Ohio, 
well harbor the River for the South Chicago 
constructed yard and dry dock for the Chicago Shipbuilding Company, 


Memoir compiled from ‘information file the Headquarters the 
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dry dock for the Superior Shipbuilding Company, plants 
for Hedstrom and George Lill Coal Company, 
son and Company, and others, Chicago and elsewhere. desi ned and 
constructed dry docks for several large shipbuilding companies the Great 
Lakes, Buffalo, Y., Toledo, Ohio, and other lake cities. was the 
first concrete portal for dry dock. 

thinking resulted sound engineering His citizenship was always 
thoughtful and constructive; for many years was active member and 
officer the Hyde Park Association, voluntary organization 
which was concerned with matters relating the welfare that section 
Chicago. 

was member the Western Society Engineers for three 
‘years having served Treasurer 1887. 1898, Mr. Powell became Vice- 
President, and, 1900, was elected President. was member the 
Calumet Country Club, the Chicago Engineers Club, and the Union League 
Club survived Hannah Belle Clark Powell. 

Mr. Powell was elected Member the American Society Civil Engi- 
neers February 1901. 


2 


Diep May 1925. 


Robert Hugh MeNeilly was born September 30, near 
County, Ky. His father was Dr. James MeNeilly, Presbyterian 
minister and former Captain and Chaplain the Confederate His 

Mr. MeNeilly received his engineering education Vanderbilt 
Tenn., from which was graduated with the degree Bachelor 
Engineering, 1902 (conferred the degree Civil 
Engineer from the University 

He. was employed Draftsman Ordnance United 
States Army, until 1904. From 1904 1905 was Engineer 
for several water supply and plants Tennessee and Missis- 
sippi, and from 1905 1906, was Assistant Engineering 
the University Mississippi, after which was again employed 
Army the capacity Engineer and Superintendent 
held the position Assistant Engineer for the Muscle. Shoals Hydro-Electric 

From 1907 until his death, McNeilly was the 
neering Vanderbilt University and during that time also con- 
ducted private engineering practice. 


Memoir prepared Hunter Past-President, Am. Soc. and 
Currey, Jr., Am. Soc. 
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most for his singularly happy and cheerful 
disposition, earnest, and, ready help any 
organization the Student Chapter the Society Vanderbilt University, 
which has been named the Robert Chapter honor 

Professor was the Norman tragedy the Mississippi 
Stockell 

Alumni who this Chancellor said with respect 
put his burdens you.” 

the Association Nashville. 


Albert Franklin Sickman, son John and Martha Sickman, 
was graduated 

July, 1878, Mr. Sickman went Holyoke, Mass., and the 
service the Holyoke Water Power Company, remaining the continuous 
employ that Company until his death—a period forty-seven years. 

went the invitation his brother, Mr. James Sickman, 
then the chief engineering member the office force the Water 
Power Company. This organization, however, that time, did little engineer- 
ing work, being mainly engaged giving lines and grades for new streets and 
general surveying. Soon afterward, 1879, the Company undertook the 
organization control and lawful allotment each mill owner 
the quantity water should draw from the Company’s common 
receptacle from which they all drew the water that was then converted into 
power each mill owner. 


For lack such control and allotment, water was being largely overdrawn, 


wasted, and was even work manner cause the destruction some 
the canals. This called for the services hydraulic engineer, and, 
pupil the late James Francis, Past-President, Am. E., 
Lowell, Mass., Clemens Herschel, Past-President, Am. Soc. E., was chosen 
for this work. 


Memoir prepared Clemens Herschel, Past-President, Am. Soc. B., and Robert 
Barrett, Am. Soc. 
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generally was designated Mr. Herschel’s ‘first ‘Assistant. 
time, twenty-three years age, Mr. Sickman was the same quiet; 
firmly grounded the elements profession, faithful study the 
University Pittsburgh, and Mr. Herschel takes pleasure his 

When Mr. Herschel resigned position Engineer the 
Holyoke Water Power Company, 1889, Mr. Sickman became his successor. 
that time the system charging for excess drafts water the ‘mill 
owners, and thus keeping control the draft each one had 
firmly established, but naturally required expert 
work. The far-famed Holyoke Testing been 
and called for skilled work meeting the needs 
one thing has contributed much, probably, the present eminent and 
useful istate the art hydraulic turbine building United States, 
the work done this flume foundation, and, ‘to large 
Mr. Sickman after 1889. 

October, 1913, was elected Assistant Treasurer the Company and, 
November; 1919, was also made Clerk, ‘both which positions held 
the time his death. 

was master hydraulic familiar with every detail 
the history and developments the work Holyoke, and his death, the 
Company that had served long and faithfully suffered irreparable 

had varied outside his profession., was keen 
wild flower the section, and where and when find 

He’ was always courteous and affable 
him associates; was ever fair and considerate ‘his with 
those under him, 

Mr, Sickman twice His first wife died many ago, 
Griffin, Holyoke, who also 

the Engineering Society of. Western Massachusetts. 
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